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(57) Abstract 



Disclosed is a component for a device for detecting 
the presence of an analyte of interest in a sample, the 
component comprising an electrically conducting solid 
support having immobilised thereon a chemical moiety, 
said chemical moiety comprising an electroactive portion 
with an electrochemical property capable of being directly 
modulated in a detectable manner by the binding thereto of 
a binding partner having a specific binding activity for the 
electroactive portion, together with apparatus comprising 
the component, and a method of detecting the presence of 
an analyte of interest. 
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The basis for the assay is that once bound by antibody, the labelled amphetamine is 
excluded from the Nafjon™ film because of the large size of the resulting 
amphetamine/antibody complex. Thus, in the presence of high concentrations of 
amphetamine in the sample, there is more free labelled amphetamine available for ion 
exchange and incorp oration .. imp the. .Nafion?' film. . Accordingly, die current 
corresponding to me oxidation or reduction ;of, the cobalticenium-Iabel in the film is 
. proportional to the concentration of amphetamine in the introduced sample. 

This sort of assay has several disadvantages and accordingly has not been widely adopted. 
In particular it requires the performance of a number of reaction steps before detection can 
. ^ted^the Nafion™-cpated electrode. .T^ieassa^ apparatus disclpsed by Umoges & 
Degrand comprised a sensor which was not disposable or re-usable 



•I. . 

i.-fi'l 



A different sort of electrochemical, assay involves the use of an "Antibody responsive 
membrane electrode'', as described by,SplsJfy & ]Re ) chnitz.(1979 Science 204. 1308; 1981 
Anal. Chim. Acta 123, 135). The antibody responsive membrane comprised ionophores 
(crown ethers) within a polyvinyl chloride matrix, the ionophores being conjugated; to a 
hapten in such a way that th,e haptens projected, .frpm the surface ..of, <fae membrane... The 
membrane was mounted in the t.ip ojf a, conventional .potentiqmetric. membrane electrode. 
The addition of a sample confining antibodies.. specific, for the hapten, would allow 
antibodies to bind to the hapten which, in .some unknown way,, altered the electrochemical 
properties of the ionophores, changing the potential across the membrane. 

The manner in which die device works is not understood, making it impossible rationally 
to design improvements thereon. Also, the associated detection system is large and 
cumbersome and not readily re-usable. 

WO 89/11649 discloses a device for use in an electrochemical assay, the device 
comprising an electroactive polymer layer, within which layer are entrapped antibody 
molecules having binding specificity for an analyte of interest. Binding of the analyte of 
interest to the antibody inhibits the flow of counter ions from the environment surrounding 
the device into the space around the electroactive polymer, hence inhibiting electron flow 
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Title : Improvements in or Relating to Electrochemical Assays 
Field of the Invention 

This invention relates, inter alia, to an assay method and to an assay device. 
Background of the Invention 

This invention relates in general to electrochemical assays. In such assays, the presence 
of an analyte of interest in a sample causes a measurable change in an electrochemical 
property of a sensor device. Typically, electrochemical assays are classified as 
"potentiometric" or "amperometric", which measure changes in either potential or current 
respectively. 

A number of electrochemical assays have been described. For example, enzyme 
electrodes have been used for the direct measurement of biomolecules such as. glucose,, 
urea, amino acids, and others in physiological samples. These enzyme electrodes include = 
a selective enzyme layer immobilized at the surface of a potentiometric or amperometric 
device that senses the steady state concentration of a product formed in the immobilized 
layer as the substrate for the enzyme diffuses into this reactive film. 

Other assays involve the use of Nafion™ (E.I. Du Pont de Nemours and Co. Inc.) film. 
Nafion™ is a polyanionic perfluorosulphonate ionomer with permselective properties* 
large hydrophobic cations rather than small, hydrophilic cations tend to accumulate in the 
polymer via cationic exchange. 

<*» 

Limoges & Degrand (1993 Analytical Chemistry 65, 1054-1060) described a model system 
is which a Nafion™-coated electrode was used to detect the presence of amphetamine. 
The assay took the form of a competitive immunoassay, in which amphetamine in a 
sample competed with known amounts of labelled amphetamine for binding to 
amphetamine - specific antibodies. The competitor amphetamine was labelled with 
cobalticenium, which is a redox label. 
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to or from the polymer during a redox reaction. There is no disclosure of the 
electrochemical properties of die polymer being affected by the binding of a binding 
.partner directly to the polymer. 

WO 95/29199 discloses an electrode having a similar arrangement, wherein binding of a 
binding partner to a chemical moiety attached to an electroactive polymer can indirectly 
affect the electrochemical properties'of the polymer. There is no disclosure of a binding 
partner having binding specificity for the electroactive polymer itself. .A similar 
arrangement is disclosed' in EP 0239969. 

WO f 93/25907 discloses a competition assay system involving an antigen 6f interest, and 
a derivatised antigen carrying a rddox labei; competing for binding to limiting amounts of 
antibody. Excess redox-labelled antigen is bound electrostatically to a polymer-coated 
film, so aS'to alter the redox potential across the film, which is measured in a conventional 
manner. ThS polymeric layer is not electroidctive and essentially non-conducting. 

EP 0402917 discloses a biosensor operating on a very similar principle to that disclosed 
' in WO 89/1 1649: a conducting surface with an electroactive surfactant coating is modified 
by inclusion of one' mBrriber of a specific binding pair. The analyte of interest is the other 
member of the specific binding pair. Binding of the reciprocal members of the specific 
binding pair blocks the movement of counter ions. There" is no binding event involving 
binding directly to the electroactive surfactant. 

WO 97/27474 discloses a method of determining the presence of an analyte of interest; 
whereby an electrode is coated with a member of a specific binding pair. In die absence 
of analyte of interest (which is the reciprocal member of the specific binding pair), an 
electroactive redox molecule can come into proximity with the electrode and donate 
electrons to, or accept electrons from, the electrode. This process is inhibited by the 
analyte of interest, which blocks the redox molecule from coming into proximity with the 
electrode. Thus there is no disclosure of the direct binding of a binding partner to an 
electroactive molecule so as to modify the electrochemical properties thereof. 
(All documents cited in the present specification are incorporated herein by reference). 
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The present invention aims to provide an improved type, of electrochemical assay, 
particularly one which will be suitable for forming the basis of disposable, easy-to-use 
assay devices. 

Summary of the Invention 

In'a first aspect the invention provides a method of detecting the presence of an analyte 
of interest in a sampie, the method comprising the steps, of: .providing an electrically 
conducting solid support having immobilised thereon a chemical moiety having an 
electroactive portion with an electrochemical property capable. of beino modulated in a 
detectable manner directly by the binding ^erqto of a binding partner having specific 
binding activity for the electroactive portion; and causing the binding partner toeontact 
the electroactive portion of the chemical moiety as a result of, the presence, in: the sample 
of the analyte of interest. : . , , . . 



:»1 



In a second aspect, the invention provides a component for a .device /or: detecting the 
presence of an analyte of interest in a sample the component comprising an electrically 
conducting solid support having immobilised thereon a chernical .moiety, said chemical 
moiety comprising an electroactive portion with an electroclpnica] property capable of 
being directly modulated in a detectable manner by the binding, thereto of a binding partner 
having specific binding activity for the electroactive portion. 

The method of the invention may be used qualitatively, so as to indicate the presence or 
absence of the analyte of interest. Alternatively, and preferably, the method may be used 
quantitatively so as to indicate the amount (in relative or absolute units) of the analyte 
present. It will be apparent that all sorts of substances may be analytes of interest, 
although biological molecules (i.e. molecules present in or produced by living organisms) 
will typically be of most interest. These include nucleic acids (DNA and RNA or 
chimeras thereof, carbohydrates, enzymes, antigens, allergens), hormones (both protein 
and steroid varieties), especially sex and fertility hormones such as human chorionic 
gonadotropin (hCG), estrone-3-glucuronide (E3G), progesterone-3-glucuronide (P3G), 
luteinising hormone (LH) and follicle stimulating hormone (FSH); and disease markers and 
diagnostic indicators (e.g. antibodies). Alternatively, the analyte of interest may be 
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particulate e.g. bacterium, virus, yeast, fungus. 
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A particular advantage of the present invention is that it allows for assays to be conducted 
using samples which may be turbid, which samples can not be assayed using, conventional 
colourimetric techniques. Examples of samples whicFare.'or may be, turbid include: 
•serum; whole blood; food and dnrik "samples' (e^g '''milk)!' samples containing turbid 
growths of micro-organ is mi, arid the like. '"' ,f 



f.i [!!'!• >.<?'. II" 



For the purposes of me present specification; 'the "electroactive portion" of the. chemical 
moiety is defined' as' triat portion wiiicH'cIn donate and /or accept an electrical. charge when 
the chemical moiety undergoes a redox^reactibnV Typically, the electrochemical property 
which ! is' modulated 1 in' the' r assay wili typically be one or more redox, potentials. The 
electroactive portion may comprise one or more groups capable of undergoing oxidation 
or reduction under the assay conditions, the redox potential of any one or more of such 
groups being modulated by binding of the binding partner to the electroactive. portion. 
Conveniently the orie' or' mdre altered fddox potentials may be detected by potentiometric 
or amperometfic l m^6 ? ds, known to : those 'skilled 'in the art! Preferably amperometric 
detection methd'ds (sticfi'as chrdnoamperometry) are employed, as these generate results 
which are generally -'easier io measure than potentiometric methods. 

Preferably, the modulation of the electrochemical property of the electroactive portion is 
detected and/or measured by determining the amount of charge transferred to or from the 
electrically conducting solid support at a particular' potential difference. The charge may 
be transferred between the electroactive portion and the electrically conducting solid 
support by movement of electrons, and/or ions, and/or other charged particles. 

Conveniently, the electroactive portion of the chemical moiety, and the binding partner, 
are members of a specific binding pair. Advantageously the binding partner comprises an 
immunoglobulin or an effective portion thereof retaining specific binding activity for the 
chemical moiety. Effective portions of immunoglobulins therefore include, for example 
F\\ scFv, Fab, Fab., and heavy chain variable regions (Hcv, such as those available from 
llamas and camels) or a chimeric molecule comprising any one or more of the 
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aforementioned portions. Conveniently the hinHi™ 
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In genera! it will be desired for the chemical 'moiety to be immobilised upon a solid 
support (e.g. an assay dipstick, or a capillary fill chamber). Preferably the chemical 
moiety will be immobilised upon an electrically conducting portion of the solid support, 
which electrically conducting portion may comprise, for example, a thin strip of gold, 
platinum or other conducting metal, a metal oxide, carbon/graphite, silicon, or silicate. 

The immobilisation of the chemical moiety upon the solid support may be accomplished 
in several ways. The present inventors have found that one method is to place a solid 
support in a solution of a suitable chemical moiety precursor, and then to cause 'to situ 
formation of the chemical moiety upon the solic* support. Typically, such a'process may 
take the form of causing polymerisation of precursor monomers upon the solid support, 
resulting in the formation of a mesh-like coating, of chemical moiety upon the solid 
support. " * ; 

Alternatively, and more preferably the chemical moiety may be immobilised upon the solid 
support by means of an intervening "pendant" chain portion, preferably one which allows 
for self-assembly as a monolayer on a supporting surface (as described, tor example, by 
Sabatini & Rubinstein, 1987 i. Phys.'Chem/ 91/ 6663-6669; von Veizen et al. \ 1994 J. 
Am. Chem. Soc. U6, 3597-3598; Chidsey et aL y 1990 J. Am. Chem. Soc. JJ2, 4301- 
4306; and Rubinstein et al, 1988 Nature 332, 426-429). The chain portion may be 
thought of as forming an integral part of the chemical moiety. 

The use of a pendant portion or molecule is preferred as it separates the electroactive 
portion from the electrically conducting surface of the electrode (whilst preferably, but not 
necessarily, retaining a degree of electrical conductivity through, for example, a system 
of delocalized electrons). The pendant piortion is typically substantially linear. A 
preferred pendant portion is an alkyl or alkenyl group (typically comprising 3 to 14, 
preferably 5 to I2 t carbon atoms), which may be substituted or unsubstituted. 

In a particular embodiment, an alkyl or alkenyl pendant group is attached to the electrode 
via a sulphydryl or thiol group - other chemical attachments may be equally suitable. 
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Another advantage of the use of pendant groups or portions is that they tend to fill in " pin 
holes" (minor irregularities in the surface of the conducting layer of the electrode),, which 
can have a detrimental effect on the reproducibility of results obtained. It may also be 
preferred to include excess pendant molecules attached to the. electrode (i.e. not every 
pendant group will necessarily be joined to an electroactive portion). The presence of 
excess pendant groups is throught to improve the stability and rigidity of the monolayer, 
which optimises the method/device of the invention. In particular embodiments, the 
inventors have found that a ratio of four pendant portions to three electroactive portions, 
■-may 'provide optimum results:' The excess pendant molecule need not be identical to the 
pendant portion attached to the ' electjoactive portion: thus, excess pendant "spacer" 
molecules' may Be deliberately introduced. Such spacer mplecules will .conveniently be of 
a similar 'nature to the pendant portion of the chemical moiety (e.g. alkyl or alkenyj), but 
will bV no- longer in chain length, and possibly shorter.^han,^ pendant portion of the 
cheycar'fnoieiy/so 'aTto' avoid 'the possibility that the spacer .molecules cause steric 
hindrance when the binding partner attempts to bind to the electroactive portion. 

It is highly preferred mat the assay'method is such that the.analyte of interest need not be 
identical to 'the electroactive portion of the chemical moiety to which the binding,partner 
binds. In this' way. the assay method may be adapted to detect the presence of any analyte 
'•of Interest, with the bmding' partner (typically .immunoglobulin) specific for the 
; elect!roaciive portion being required simply as the last step of the assay to generate a 
' detectable signal by binding to "the electroactive portion. ' This preferred feature may be 
obtained, for example, by utilising competition or displacement type methodologies, as 
will be explained below. 

Accordingly, in preferred embodiments/the binding partner is present as a binding entity, 
which binding entity comprises first and second specific binding activities. The first 
specific binding activity is for the electroactive portion of the chemical moiety as 
aforesaid. The second specific binding activity is typically for the analyte of interest, or 
for a molecule (such as an immunoglobulin) which itself has specific binding activity for 
the analyte of interest, such that the presence of the analyte of interest tends to displace 
the binding entity from a solid support. The binding entity may also possess further 
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specific binding activities, but these are not essential to performance of the invention. 

Conveniently the binding entity will be a bispecific antibody or "Diabody" or othe^ 
bispecific immunoglobulin fragment (e.g. double headed scFv, double headed HCV or a 
chimeric molecule comprising an scFv and/or an HCV fragment). . Alternatively, the 
binding entity may comprise a non-binding component, to which are attached First and 
second b'mding partners having respective first 'and second specific binding activities. 
These binding partners may comprise conventional' immunoglobulin molecules, such as 
' monospecific antJbodiesJ'OTeffective Binding" scFv.ett^. ,.The non- 

binding component may be'any 'substanc^la^ enough, and, with'. apprQ^,^emical 
properties, for the firsthand second _ binding partners' to, be _ attached . thereto, . , .The non- 
binding component may be, for example, a peptide! a polypeptide, a Uppsome pj. more 
conveniently, a particle^ such as alatex bead. Methods of attachment of .immunoglobulins 
to latex beads' are well-kndw.n to those skilled in the art. 

Conveniently, die method step of causing the binding partner to contact the electroactive 
portion as a result of the presence of the analyte of interest in the sample, is. effected by 
theanalyte causing displacement or release of the binding partner from a solid support to 
which the bindng partner is releasably immobilised prior to introduction of the sample. 
The analyte will typically displace the binding partner from, or compete with .die,, binding 
partner for binding to, binding sites on the solid support by means of which the binding 
partner is releasably immobilised. 

Thus, in particular embodiments, the assay method involves use of a first solid support 
upon which is immobilised the chemical moiety, and a second solid support (which may 
be a separate portion of the first solid support, or a discrete component) upon which is 
immobilised an analogue of the analyte of interest. The analogue is such that the second 
specific binding activity of the binding entity will bind to the analogue, albeit with lower 
affinity than for the analyte of interest. Accordingly, prior to performance of the assay, 
the binding entity is reversibly immobilised upon the second solid support via its second 
specific binding activity. 
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partner binds. Examples of analytes and suitable analogues are disclosed in EP 0 324 540 
and PCT/EP95/04518. The embodiment described above is a variant of known 
displacement/competition type assays, disclosed inter alia in WO 91/05262 and EP 0 383 
313. 

In a further embodiment die binding entity is such that the second specific binding activity 
is for an aritibddy directed against the analyte of interest. The binding entity may 
comprise, for example, an analogue of the analyte of interest, which analogue is relatively 
loosely bound by antibody specific for the analyte of interest, which antibody is 
immobilised on the second solid support. Alternatively the binding entity, may .comprise 
an arVti-idiotypic antibody specific for the binding site of the immobilised antibody, jn any 
evimt.the' immobilised antibody convniently (but not essentially) has a greater .affinity for 
the analyte than' for the binding entity, such that the presence of the analyte of .interest in 
the test sample will tend to cause the displacement of the binding entity from the second 
solid support. The displaced binding entity is then free to bind to the first solid support, 
via its first specific binding activity, as outlined above. 

Methods of immobilising antibodies on solid supports are known to those skilled in the art. 
Useful discussion is provided by G Hermanson, in "Bioconjugate Techniques" (Academic 
Press, 1996). Typically the immobilised antibody is covalently coupled by an added 
functional group. Conveniently the antibody for the analyte may be immobilised by 
attachment to a further antibody-specific antibody immobilised on the solid support. The 
first solid support will typically comprise an electrode. The second solid support may be 
any of those routinely used in assays and include, for example, synthetic plastics materials, 
microtitre assay plates, latex beads, filters, glass or plastics slides, dipsticks etc. 
Advantageously, the second solid support comprises a wettable surface. 

Conveniently the component of the second aspect of the invention is used to perform an 
assay of the type disclosed in our co-pending European patent application No. 97309409.7, 
filed on 21st November 1997. The component might take the form of a relatively cheap, 
disposable or replacable part for use and interaction with other components (e.g. a separate 
signal detection means, acting as a reader for the assay result). Alternatively, the 
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component may be provided as an integral par. of a larger device, 

in a third aspec, rhe invention provides an assay device comprising me component of me 
secpnd aspec, Convenient,, me device furmer: comprise, one or more of u,e following- 
samp, .receiving means for. accepting, sample „„der rest; a binding par[ner h J g 
specftc. btnding activity for the electroactive portion of the chemical moiety- taectio! 
means for detectmg a. modulation in an electrochemical property of me .decretive 
port.on of the chemical moiety; data processings f or proC ess Jng data output from to 
,:de,ec»n means; and data dis P la,„means toas$>y ^ .„ 

numerical form. 3 

The assay device will conveniently comprise a capiUary.fi,, reaction chamber as par, of 
.^sam^receiviag ..means. , ,„ a preferred .embodiment the chamber is a. ,ea« paruy 
dstae A by,,h=,firs, and second solid supports o: the preferred method aspect Canary 
f.„ devices which may be adapted for use in the present inventions fcught.for example 
in US Patent No. 5,141,868. ' 



^ *™ *« ""•"*» ™«« « ^ use in the device defined above 

,«,d component cpmprtsing a solid support having releasably immobilised thereon a 
o,nd,ng panne, hay ing specific binding, activity for an electroactive portion of a chemical 
™«y, the binding partner being displaced from the sol.d support in the presence of the 
analyte of mterest. and wherein bindmg of the binding partner to the electroactive portion 
. d.rectly mediates an e.ectrochemical property of the e,ec,roactive porta in a detect 
manner. As with the component of the second aspect of the invent.on, the component may 
be provtded as a relattvely cheap, disposable o, rcplacable part for use and interaction with 
other components (e.g. a separate signal detection means, acttng as a reader for the assay 
result), or may be provided as an integral part of a larger device. 

■» a fifth aspect, the invention provides a chem.cal moiety, comprising an electroactive 
poruon. hav,„g me structure shown in Figure .3 wherein; R, and R, are tndependently H- 

C '" C " a ' kyL ary '' alke " yl or °' k °*y oP«onaIly substituted); hal.de; am.de- or 
amme; and further wherein the l,e,eroaroma,ic r.ng structure may be optionally subst.tuted 
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at one or more positions with alkyl, aryl, alkenyl, or aikoxy groups (all themselves 
optionally substituted), acid groups (organic or inorganic), halide, amide or amine. 

Advantageously R 1 is alkyl, preferably ethyl,' propyl' or butyl and : preferably R 2 is C,-C !2 
alkyl, more preferably C A -C^ alkyl, and most preferably C 6 alkyl. It is ; genef'ally preferred 
that R, and R 2 are not identical. In a preferred Embodiment R : comprises 1 a '(preferably 
terminally positioned) 5 reactive substituent siich as i thiol ; ca^boxyl, : ia^lide, , 'amine, halide, 
aldehyde, ketone; epoxide, or succinimide group; or other proteirixoupling agent (e.g. as 
mentioned ini Hermanson, ''Bioconjugafe' Techniques \ Academic Press, 1996) which 
facilitates coupling of the moiety to other entities (e.g. solid surfaces);' 'fri : a p&ferred 
embodiment, the chemical moiety is 3,3(N-[6-thiol hexyl]carbazole)N-ethyl carbazole. 

The chemical moiety of the fifth aspect of the invention may cftrivfeniefitly be immtibilised 
on an electrically conducting solid Support, =so as ,: to ! f6rm a componenV ; rn acdrdance with 
the second aspect of the; inventions! n ' ; X r;in rl 

In a sixth aspect, the invention provides a molecule having binding specificity for the 
chemical- moiety of 'thfr fifth - aspect defined'* abbve. Mbre 1 particularly 7, fhe rriolecule 
preferably; has binding specificity for the erectrdafctive heteroarbmatic riftg'' portidn of the 
chemical moiety. The molecule will c6nvenieridy ! bbmprise'an hrimunoglbbulin mblecule 
or an effective portion thereof which retains binding Specificity for tire 1 chemical ifloiety - 
such portions include, for example; Tv-scFv, Fib; Fab 2 ,HOV, or a chimeric 1 molecule 
comprising any one or more of the aforementibn'ed 1 'portions. ; In a preferred embodiment 
the molecule will comprise at least two binding specificities: a firSt binding specificity for 
the chemical moiety, as aforementioned; and a second binding specificity for an analyte 
of interest or for an antibody (or effective antigen-binding portion thereof) directed against 
an analyte of interest. It will be apparent to the reader that molecules in accordance with 
the sixth aspect of the invention will conveniently be suitable for use as a binding partner 
in performing the method of the first aspect and/or may conveniently be releasably 
immobilised on a solid support so as to provide a component in accordance with the fourth 
aspect of the invention. 
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The invention will now be further described by way of illustrative examples and with 
reference to the accompanying drawings, in which: 

Figures 1A-1D show the general structure of pyrroles, furans, tfiiophenes and carbazoles, 
respectively; 

Figures 2 and 3 are schematic representations of assays using the method, component and 
assay device of the invention; 

Figures 4A and 4B show the results of cyclic vpltammograms; ; . .•■ > 

Figure 5 is a bar chart of AQ for different concentrations of IgG; : n 

Figure 6 is a. schematic representation of the reaction scheme used to prepare a compound 
suitable for use in performing the method of, ^and making a component in accordance with, 
the present invention; ( _ . ( v., : ;- . • - : . ■ ■ ■ * 

Figures 7 to 9 are graphs of mC against time; . 

Figures 10-12 are schematic representations ,of plasmid constructs useful for obtaining 
reagents suitable for use in the method of the present invention;.. 

Figure 13 is a schematic representation of a chemical moiety of use in performing various 
aspects of the invention; 

Figure 14 is a schematic representation of an electrochemical cell used to investigate 
electrochemical properties of various electrode coatings; 

Fiure 15 is a graph showing a dose response curve for an assay device in accordance with 
the invention used in accordance with the method of the invention to detect the presence 
of an E3G analyte of interest; and 
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Figure 16 is a graph of>C against time. 
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EXAMPLES 
Example 1 

This example relates to an illustration of how an assay in accordance with the invention 
may be performed. 

Referring to Figure 2, there is provided an electrically conducting first solid support 10, 
upon which is immobilised a chemical moiety 12. The chemical moiety 12 is attached tc 
the first solid support by a "pendant" portion 14, such that a self-assembling monolayer 
of the chemical moiety 12 is formed on the first solid support 10. 

There is also provided a second solid support 16, upon which is immobilised an analogue 
18 of the analyte of interest 20. A binding partner 22 is releasably immobilised, via 
analogue 18, to the second solid support 16. The binding partner 22 is a bispecific 
antibody, having a first and a second specific binding activity (denoted as 24 and 24* 
respectively). The first specific binding activity 24 is for the chemical moiety 12. The 
second specific binding activity 24' is a relatively high binding affinity for the analyte of 
interest 20, and also confers a relatively low binding affinity for the analogue 18. 

Accordingly, upon introduction of a sample Comprising the analyte of interest 20, the 
binding partner 22 is specifically displaced from the second support 16 and is free to bind 
to the chemical moiety 12 via the second binding activity 24. Binding of the binding 
partner 22 to the chemical moiety 12 directly modulates a detectable electrochemical 
property of the chemical moiety 12 (e.g. a redox potential), such that a difference (e.g. 
in charge, current or potential difference) is detected at the first support 10. 

Conveniently first and second solid supports 10, 16 form part of a capillary-fill chamber, 
into which a test sample is introduced when performing an assay. The physical separation 
between the binding partner 22 displaced from the second solid support 16 will, readily be 
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A different embodiment of the method of rh. • 

wed in Figure 2 As with E,,m , , t ' re,erence """-erals 

In the embodiment illustrated in Fifiure 3 rherh. • , 

In W:r . rcspc:K , ,, t . c ,. ;bod:|1:cn , 

Pa^r 22 is no, bolmd t0 [he , Q " '° U 3 -» "= • *• binding 

W >e P^ahie as the pr sll 1 " ""^ ^ 12 " * 

bindn,g parrner - raodula ** '"^ 20 m ' eff « «* manner in which „ e 

Those skiited in the art will appreciaw 

.mention may " ^ ^ ~* * -* 

one can rary thc ^ ^ £ ~ ^ °~»» of a„ y ana, yK 
*«™y 24- (i„ Figure s h ' 8l,re 3 > or 1* second binding 

Levant a„„ yIe , ^ J ^ ^ ^ » ^ » - P-nee of the 
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Those skilled in the an will also appreciate that Examples I and 2 could also be performed 
as "competition" type assays, in which the concentration of free analyte of interest is 
sufficient to cause displacement of the binding partner from the second solid support, even 
though the binding partner may not have a greater binding affinity- for the analvte of 
interest than for the analogue 18 (in Example* l) : br i 'hntSbody 18 (in Example 2). 

Example 3 - Production of anti-Carba^oIe MWndrner" Aritibodies and Electrochemical 

; ' - f ...... 

Characterization thereof on a Polymeric Carhazole fcliectt-ode Surface In Organic 
Solvent 

This example relates to the^'prepa^iori^bf arf Vf dlkbtirbde , coated witf\" "^ L cart>az6le 
^e'lectroactive chemical moiety by means ! bf felectt'dp'ladhgV which etectrotie Viable* in 
organic solvents (e.g. dichloromethane). Unless otherwise stated, all reagents are 
commercially; obtainable, and were 'purchased from 'AldHch, USA. 

3.1 Synthesis of N-(tf-Hexanoic Acid) Carbiizole. M| 

Carbazole ;i (3.34 : g, 20 riimol) was addfe'd with sbditim ftydro^ide (4.8 g) to a mixture of 
water <20mi>andtolUferie (20ml). Cetyltrimethyikmi^bnitfm bromide (lV46g, 14mmol) was 
added as a surfactant ; to combine the 'two phases. Tothifc 6-brdnio-hexanoic acid was 
added (5.9g, 30mmol) and the solution was feft ^to ^flux'for ^8 hours. Yhe resulting 
solution was washed with diethyl-ether (3 x 50ml) to remove the organic phase. The 
solvent was then removed via rotary evaporation.' 

The product was subjected to chromatography over silica get (ibidified) with diethyl-ether 
: petrol (6:4) and the eluate collected in 2 ml aiiquots whi'cfr were checked for presence 
of product by TLC and detected by UV fluorescence. IR: 3500-2500 (broad) OH (acid), 
3000, 2800 (sharp) tertiary amine, 1750 C = 0'(aad); 1500 tertiary amine. l H NMR: 
(CDCL 3 ) 10.10 (H f m, OH), 8.06 (2H t m, ArH), 7.62 (6H, t, 7 6.35, ArH), 4.05 (2H, 
t, J 8.82, CH 2 ) 2.15 (2H, m, CH 3 ), 1.75 (2H, m, CH 2 ), 1.56(4H, m, CH 2 ) m/z 281.2 
(m") 180.1 N-methyl carbazole cation. 



The acid group in the compound facilitates coupling to carrier molecules, such as bovine 
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serum albumen (BSA) and plant protein derivative (PPD) for various purposes, 

3.2 Preparation of Immunogen by Attachment of N-(6-Hexanoic Acid) Carbazole to 
PPD 

In order to prepare anti-carbazole antibodies (useful as binding partners to modulate.the 
electrochemical properties of the carbazole), it was. necessary to couple the N,(6-hexanoic 
acid) carbazole to a larger carrier molecule, as the carbazole compound is too small by 
itself to elicit an antibody response. PPD was selected as, the.carrier molecule.. :- 

^ ix W fo ' cou Pm MuMm^ peptide derivative) was ; prepared by 
)2M;¥?r d ^ MES buffer, [2-<N- 

. morpholine)ethane sulfonic acid (aqueous saline paQk)]amJ) ; Half of this solutipn (500 
Ml) ^^Rj^?^^ 

.in.pMF^ipOmg/ml, 20 rag) was added. This.mixture was stirred and watched carefully 
for any ( sjgns of precipitation occurring. If precipitation did appear a small amount of 
DMF was added to the solution, to redissolve tha precipitate. To this reaetion solution 
PPD (500 /xl) was added slowly and stirred for 24 hours in the dark. The reaction mixture 
after this time was dialysed for 24 hours agaipst phosphate buffered saline-, A fluorimeter 
scan was taken for the this N-(6-hexanoic acid).carbazole PPD and also for PPD.alone on 
a Perkin Elmer ; model 5050 fluorimeter (200 r 400nm)., Peaks were noted for PPD: 200 
rmand 390_rM, and for PPD carbazole: 200, 270, 292. 329, 335, 345, 350 and 390 nm. 
This demonstrated that carbazole was effectively coupled, to the carrier molecule. 

3.3 Production of Antibodies to Carbazole 

Polyclonal antibodies against. carbazole were made in a rabbit. A preimmunisation bleed 
sample was taken to establish background, immunity. The rabbit was injected with 
carbazole/PPD sample (lmg/rnl), with Freund's complete adjuvant at four sites (250ml 
each site) and after one week a post immunisation bleed was taken. After one month a 
second immunisation was made with Freund's incomplete adjuvant with the carbazole/PPD 
sample (again at four sites). A second post immunisation bleed was one week later. A 
third bleed was taken one month after the second bleed (with no additional immunisation). 
Immunisation sites were either side of the spine, two at the front, two at the back. Bleeds 
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were taken from the marginal ear vein. Blood was allowed to clot and serum tested for 
antibody activity by ELISA, using plates coated with BSA-conjugated carbazole, as 
described below. Use of the BSA conjugate facilitated coating of the plates with the 
hapten, whilst the use of a different carrier molecule to that used in the production of 
antibodies (PPD) ensured- that any antibody detected in the ELISA was due to an anti- 
hapten response rather than an anti-carrier response. 

3.4 Synthesis of BSA N-(6-Hexaribic i ) Carbazole 

The N-(6-hexanoic acid) carbazole (50 ;il of 100 /ig/ml in DMF) was added to N-methyl- 
morpholind (10^1). To this 1 isobiity 1' chffrBftrm^ 0$ was add^ani cooled over ice 
for Semites. The mixture xbzi then t'r&s feared' jiiy to i solution of &SA (^^lVtaken 
from a^tock solution of 6.7 n^'of BSA ; in ; 50b j %rb"f water arid 100^1 of b'K4FV and 
stirred for four Hours. Th^sampfc was iransferreci to a'diilysiis tube zhh (iialysed'for 48 
hours against! PBS, changing- the "PBS solution o : hce. This gave £ ratio of 150 : ' l' N-(6- 
hexanoic acid^-ciarbazole tb'BS'A:' 'Fluoritneter scan? t&A: 2§5nm . feSA carbazole 285, 
329, 335,3*4-5/352, 380, demonstrating 1 effective coupling had tkicen place. 

3.5 ELISA Using BSA N(6-Hexanoic) Carbazole Coated Plates 

Microtitre 1 plates were sensitised with the BSA : N(6-hexanoic)carbazdle (lOmg/ml) made 
up in sodium carbonate buffer (0.1M, pH 9.6) in PBST (phosphate saline buffer 0.15% 
tween 20 (Sigma), 200 ml to each well) and incubated at 37°C for one hour. The plates 
were then emptied and washed three times with PBST. The plates were then blocked with 
a 1% solution (in PBST) of skimmed milk powder [Marvel™] 200 ml to each well, and 
incubated (37°C for one hour). After this time the plates were emptied and washed in 
PBST three times as before. The serum was then added at a range of dilutions to the 
plates (150ml). This was again left to incubate (37°C for one hour). The plates were 
then washed in PBST as before and a 1/1000 dilution of goat anti-rabbit alkaline 
phosphatase as conjugate (Zymed Laboratories Inc.) in PBST was added to each well (150 
ml). This was left at 37°C for one hour and the plates washed in PBST as before. 

The enzyme substrate was a solution of paranitrophenol phosphate (Sigma Diagnostics) 
(one tablet) was made up in a buffer solution (5 ml) (diethylamine, pH 9.8, magnesium 



WO 99/27356 PCT/GB98/03495 

20 

chloride 50 : 1). This substrate solution (150 ml) was added to each assay well and the 
colour was allowed to develop over one hour at room temperature. The results were read 
on a Dynatech model MR7000 plate reader W/L MODE :dual, Test filter : 405 nm. Ref. 
filter 570 nm. The results indicated (data omitted for brevity) that a significant anti-hapten 
response followed boosting, and that anti-hapten antibody levels reached background 
(control) levels only at dilutions of 1/3,200 or higher. 

3.6 Synthesis of Hexalds[6-(2)-(3)-(Carbazol-9-yl)HexylJ /3-Cyclodextrin. 

In order to cast electrodes, by electroplating of gold or platinum surfaces in organic 

solvents, the above carbazole-containing compound was prepared,., /3-cyclodextrin was 

readily available in the laboratory, and it was believed that its inclusion would facilitate 

the formation of a mesh-like coating of the carbazole-containing compound on, the 

electrode. 



Sodium hydride (0.15g, 80% 5mmol) was weighed out and added to N,N-dimethyl 
formamide (DMF) (5ml). /3-cyclodextrin (0.567g, 0.5 mmol) was added slowly to this 
DMF solution whilst stirring, and left to dissolve completely for 10 minutes. 9-(6- 
bromohexyl)carbazole ( 1 .25g, 4 mmol) was adde.d to the mixture and stirred at room 
temperature for 48 hours. 

To the crude product mixture diethyl-ether (200 ml) was added and shaken, leaving an 
immiscible layer, the organic layer was then removed and water added. This was. then 
left to stir for 90 minutes and allowed to settle for a further 30 minutes. The product was 
then filtered off, near to dryness, and left in a dessicator at reduced pressure until 
completely dry (0.78g, 59.2%). 'H NMR 400mhz (DMSO) : 8.10 (2H, m, position 4 and 
5. ArH), 7.36 ( 4H, m, position 2,3,6,7, ArH), 7. 10 (2H, m, position I and 8, ArH), 5.8 
- 5.7 (secondary alcohol in the unsubstituted )3-cyclodextrin), 4.81 (anomeric proton 1H, 
OCHO, position 1 /3-cyclodextrin), 4.5 (primary alcohols in the unsubstituted B- 
cyclodextrin), 4.36 (2H, m, N-CHj), 4. 16 (2H, m, R-0-CH r CH 2 ), 3.61 - 3.28 (5H. m, 
aliphatic protons from the jS-cyclodextrin), 1.61 (2H, m. CH 2 (pendant)) 1.32 (6H, m, 
3CH : (pendant)) m/z (FAB + ) (The ions corresponding to the hexa-substituted derivative 
were the most intense in the mass spectrum) 1407 (carb-hexyl)j8CD + Na, 1.656 (carb- 
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hexyl) : j3CD + Na t 1906 (carb-hexyl) 3 j3CD + Na, 2158 (carb-hexyl) 4 i8CD + Na, No peak for.. 
(carb-hexyI) 3 j3CD + Na, 2628 (carb-hexyl) 6 ^CD, 2676(carb-hexyl) 6 j8CD + 2Na(M + ) 2664. 
2x(carb-hexyl) 6 £CD + 3Na 2+ . 

3.7 Synthesis of Hexakis[6-(2)-(3)-(CarbazoI-9-yl)Butyl] jS-Cyclodextrin. 
For comparison, a similar compound to that described in 3.6 above was prepared, but 
using a butyl pendant portion rather than a hexyl pendant portion. The method of 
preparation was essentially identical to that described above. 



3.8 General Cyclic Voltammetry for Electroplating in Organic Solvents - 
Experihiental Details 

Cyclic voltammetry was performed on a Princeton Applied Research Corporation Scanning 
Potentiostat (model 362) together, with a Bryans flat bed X-Y recorder (model A25000) 
and on a EG&G model 273A Princeton Applied Research Potentiostat/Galvanostat. (Using 
Echem arid Lotus I 2 3 to process the data). 

: ' v! ■ " 'II' «. 

The electrochemical cell consisted of a 25ml round bottomed flask using a silver wire as 
a pseudo or quasi-re fere nee electrode, and an aluminium fod as the counter electrode. The 
working electrode consisted of a clean gold or platinum wire. The electrolyte solution 
comprised a 0.1 molar solution of tetrabutylammonium hexafluorophosphate in drv 
dichloromethane (dried over calcium chloride). The carbazole /3-cyclddextrin monomer 
(O.Olg) was dissolved in the electrolyte solution (10 ml). The three electrodes were then 
placed into the polymer solution and one or two cyclic voltammetric scans (from 0 volts 
to 1.5 volts, and then back to 0 volts, at 150mV per second) were recorded in order to 
create a polymer film on the working electrode. The electrodes were then transferred to 
a clean flask with clean electrolyte solution (0.1 molar solution of tetrabutylammonium 
hexafluorophosphate in dry dichloromethane) (10ml) and about seven scans made or until 
polymer film showed a stable scan. The polymer was then stably formed on the gold or 
platinum wire and the electrode could be used for analysis. 



3.9 EIA Electrode Assays 

The ELISAs performed previously involved binding of antibody to carbazole presented on 
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microtitre plates as a monomer, whereas on the electroplated elecrodes the carbazole is 
present as a dimer. Therefore, in order to determine if ,he same antibody would s,i„ hind 
to d*d I m e rfcc^ ra ^ # els ^ E1A e|ec[ro(ie Bsays were perfMmed 

Electrodes ^^Vj^^ of cyclic voltammetry 

•^te^S^^SIS^I,^ for,. t e, ; p 1 i„u [ es and dipped 'into 
t n ":e^ le se f,™ - ^!S? ; f-iPns,of se ri um, w PB5T, (25 M ) a*d incubated for 

f 3£C ; ^^^.81^^,^^^ three limes and 

drted on a t.ssue. The electrodes were then dipped into goat anti-rabbit allcaime 

a^M.Jffi^a,ed,,for ; v „,, lhour (WQ ^ 

^f^S^Si 1 !™ ^,^,.1", flfSK, ft W*1fxl then d«ped into 
n^phenolphosphate substrate solution GM^d^ for the ELISA and the colour 

read after one hour. ' 

;:; " V;> - ( ' ; ' >m ; ' V :fi. • ,iMt! !, - <; .(jj, ; 

Th results (data omttted for brevity clearly indicated thata; jg mfica„t,a, m pun 1 of.U,ea 1 «i- 
carbazote antibody W$to$a^ !mimi t0 control se mm from t he iPre . 

immunisatitpn bleed. 



ill 



3.10 Electrochemica. Studies of the effect of Anticarbazole Antibody by Cyclic 
Voltarametry and Chronoamperometry 

Electees were ,ast in, dichloromethane as described above (3.8), A final cyclic 
voltammogram was made and recorded,. These elecrodes were air dried for ten minutes 
The rabbtt anti-carbazo.e serum was diluted to various concentrations, and an electrode 
padded to.each solution (250 ,„ for , e „ minutes. Tne c|ectrode$ were re , noved 
cashed in PBST and dried w.th a tissue^A second cyclic voltammogram was undertalcen 
.whtcl, was computed to the onginal and differences could clearly be noted. Sample results 
are shown in Figure 4A (pre-bleed) and 4B (immune serum, containing anti-carbazoie 
antibody). 

Figure 4A shows a graph of mA aga.nst mV. The thick plot is ,l,e trace obtained ,n the 
a sence of serum, the thin plo, is the trace obtained when pre-.mmunisat.on serum was 
added. It can be clearly seen that the pesence of serum marKed ly dereases „,= peak 



WO 99/27356 PCT/CB98/03495 

23 

heights. Figure 4B is a similar graph showing the results obtained for polymer alone (in 
the absence of serum, thick plot) and in the presence of immune serum containing anti- 
carbazole antibody (thin plot). The effect of the anti-carbazole antibody was to increase 
the heights of both oxidative peaks (one to a much greater extent than the other), indicated 
by a greater minus value (i.e. loss of electrons from the carbazole). (Similar experiments 
were performed using the shorter (butyl) pendant portion carbazole-containing moiety: 
results were less clear cut, suggesting that die butyl pendant portion is sub-optimal, 
probably because it is too short to facilitate binding of antibody to the carbazole moiety). 

So as to minimise iany non-specific effects of serum proteins other than antibody, the 
antibody fraction "was separated from serum By using a protein A affinity chromatography 
column (PROSEP A, protein A immobilised on glass beads, obtained from Porton 
products), using conventional techniques. The IgG fraction was eluted off by treating the 
column with 0.1 M citrate (pH 3.4) and collected in 0.5 ml aliquots. These were then 
neutralised' with dilute sodiuin hydroxide: j Elutioh samples were evaluated by on line UV 
Scanner (360 nM); Total IgG concentration was measured using a Perkin-Elraef Lambda 
16 UVDM scanner from 240 to 350 nM. Measurements were taken at 280 nM and the 
peak absorption placed into Beer's law (A = eel) where the absorption coefficient of the 
constant region of IgG (e) is 0.51. 

The cyclic voltammetry experiments were then repeated using the protein A treated, IgG- 
enriched material. Subtantially similar results were obtained. 

Cyclic voltammetry demonstrated that binding 1 of carbazole-specific IgG to the eiectrode • 
increased the oxidative peak height, but that such bindingalso lowered the redox potentials 
of the carbazole moiety. It was decided that an amperometric measurement method would 
be more appropriate, and easier to use, than a potentiometric method such as cyclic 
voltammetry. Accordingly, further analysis was performed by chronoamperometry (i.e. 
application of a fixed voltage for a period of time). This method can be used to generate 
a graph of current (I) against time (seconds or milliseconds), and the area under the curve 
gives a total coulombic charge. This is particularly useful, as an electron has a known 
colombic charge (1.602 x 10' 19 ), thus one can determine the total number of electrons 
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transferred between the carbazole and the electrode during the experiment. 



From plots of coulombic charge against time (e.g. as shown in Figure 8), the difference 
AQ between the baseline scan and an experimental scan could be calculated. Figure 5 is 
a bar chart showing increase in total oxidative electron flow (as measured by AQ, in units 
of fiC) for different concentrations of IgG 0*g/ml) prepared from immune serum. No 
change in electron flow was observed using control prerimmuisation serum. 

Example 4 - Electrochehiical Characterization of Rabbit Polyclonal anti-Carbazole 
Monomer Antibodies on a Carbazole Dimer Monolayer Electrode Surface in Aqueous 
Conditions : " 

Desirably an electrode for use in detecting the presence of an analyte of interest should 
be stabfe' in water or an aqueous environment, as the majority of samples are, in practice, 
likely to' be aqueous. The inventors found that the electrodes described in the preceding 
example 1 were not particularly stable in water. It was therefore decided to prepare an 
alternative' electrode in which the elctroactive moiety was covalently coupled to the 
conducting surface, rather than being formed by electroplating and "cast" in situ. In 
addition^ So as to present a 'more uniform and ordered surface (facilitating antibody 
binding), 1 it was decided to use a compound which was capable of forming a self- 
assembling monolayer. 

4.1 Formation of N-(6-Bromo Hexyl) Carbazole 

A mixture of carbazole (1.67g, lOmmol), sodium hydroxide (5g), water (5 mis), toluene 
(lOmls) and cetyltrimethyl ammonium bromide (0.7g, 2mmoi) was stirred at room 
temperature. To this 1-6 dibromohexane (2.3ml, 30mmol) was added dropwise (Figure 
6, step 1). This was stirred and refluxed at 170°C for four hours. 

The mixture was allowed to cool and was cleaned, firstly by adding dichloromethane 
(50mls) and then by washing with water (3 x lOOmls). The organic layer was then 
removed and dried over anhydrous sodium sulphate. The organic layer was then filtered 
and dichloromethane removed by rotary evaporation. The crude sample was separated 
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over silica gel (diethyl ether/hexane 2:8) and the second spot taken and reduced under 
vacuum (yield 1.09gm, 33%). The identity of the compound was confirmed by mass 
spectrometry (329 M4- ion; 249 loss of Br; 180 N-methyl carbazole ion; 167 carbazole; 
152 loss of nitrogen from carbazole; 69,55 C 5 H 9 and C 4 H 7 ions respectively, from alkyl 
chain). 

4,2 Formation of 3,3 (N-[6-Bromo Hexyl] Carbazole) N-ethyl Carbazole) 

Electroplating of electrodes was believed to create a surface which contained both 
mohomeric and dimeric carbazole entities^ In order to remove any . uncertainty, it was 
desired that a dimeric carbazole entity was prepared at the outset in this example. 

Accordingly, N-[bromo hexyl] carbazole (Ig, 3mmol) from step 4,i was taken and 
'dissolved in glaciai acetic acid (Acros) (75 mis) and perchloric acid (Acros) (70% ww 
'8mls). Whilst stirring, ground N-ethyl carbazole (0.8g, 4mmol) was added wb;ch was 
followed by 2,3-dichloro-5,6 dicyano-p-benzoquinone,(3g, 13mm,ol) (Figure 6,.,st£p 2). 
The mixture was stirred for one hour after which time a green precipitate of the diraer 
carbazole was obtained and filtered. The mother liquor was, returned to the flask and left 
overnight. The sample was filtered once again and the combined filtrates were, dissolved 
in acetone (200ml). A saturated solution of aqueous sodium dithionite (Aldrich) (500 ml) 
was added to the mixture, which was stirred overnight. The solution changed from a dark 
green colour to a brown cream colour. 

The reaction mixture was then washed with dichlpromethane (4 x lOOmls) to remove the 
product. The organic layer was then washed with a small amount of water (4x 25mls). 
The organic layer was then dried oyer anhydrous sodium sulphate and the solvent removed 
by rotary evaporation (crude mixture l.Sgms, yield 83.3%). The identity of the 
compound was confirmed by mass spectrometry (522 M+ ion; 422 loss of HBr; 388 N- 
ethyl dimer; 329 N(6-bromohexyl)carbazole ion; 179 N-methyl carbazole ion; 129 loss of 
benzene ring from carbazole; 97 C 6 H n N, 83 C 6 H U , and 69 C 5 H 9 , ions respectively). 

4.3 Formation of 3,3 (N-[6-Thiol Hexyl] Carbazole) N-Ethyl Carbazole 

This step involves the addition of a thiol group to facilitate covalent coupling. to the gold 
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The crude sample (1.5 g) from 4.2 above was disolved in ethanol 95% (25 ml) and DMF 
(25 ml) to which thiourea^Aidnch) (0.25g, 3.3 mmol) was added (Figure 6, step 3). This 
was re'fiuxed (6 hours) and then cooled and stirred overnight. The DMF. and ethanol was 
removed by rotary evaporation. 



Thin layer chromatography (TLC)of the crude product on silica gel suggested .purification 
could be achieved by first removing the imp,ujrjti^.with dichlorpmethane and, eluting the 

iS^, 0 ?,?": '? Um " with ! D ^ (F '|Vf^:?^P ^ f .,Qnce the product was obtained the 
DMF was removed by rotary evaporation. 

;!<'.! 1 ' '. 'fill:- -" ■ "■• '• .■..:■>< .' ' ''!• '■' •!: ' • ' ' • 

The sample was dissolved in DMF.. ; (25 ml^ and ,refluxed., ; ^hils^.refluxing sodium 
hydroxide (0.3g in 15 ml) was added dropwise (Figure 6, step 5). This was then left to 
reflux (4 hours) ^ and allowed to cool. The reaction .spju^on was jfil^.to^emove.any 
precipitatiori. The sample was then pooled, over ice and distilled water (40004) add^d.to 
the solution, [some of diis material was separated and concenujated by rotary evaporation, 
to yield the 3,3 (N-[6-sodiuin mercaptan hexyl^carba^ole,) tyetjb^pa/bazole salt, which 
was used to prepare conjugates, as described in 4.5 below]. 

To precipitate the 3,3 (N-[6-thiol hexyl] carbazole) N-ethyl carbazole product concentrated 
sulphuric acid (10ml) was added dropwise (Figure 6,. step 6). The product was then 
filtered through a 5 mm filter and placed in a desiccator (dried indicator silica gel as 
desiccant) and left under vacuum for three days. (0.22gms, 94%, pure 4%). 

Figure 6 is a schematic representation of the reaction scheme used to prepare 3.3 (N-[6- 
thiol hexyl] carbazole) N-ethyl carbazole. Step 1 shows the reaction with dibromo hexane, 
step 2 shows the reaction of N-[bromo hexyl] carbazole with glacial acetic acid, perchloric 
acid and 2,3-dichloro-5,6 dicyano-p-benzoquinone. Step 3 shows \ht reaction with 
thiourea. Step 4 represents the TLC purification of the desired salt: 3,3 (N- 
[isothiouronium hexyl] carbazole) N-ethyl carbazole; and steps 5 and 6 represent the 
reactions with sodium hydroxide and sulphuric acid respectively. 
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4.4 Formation of 3,3 (N-[6-Thiol Undecyl] Carbazole) N-Ethyl Carbazole 

An essentially identical compound to that above was prepared, except that the compound 
comprised a longer (unedcyl, C„) pendant portion, "the synthetic technique was 
essentially identical as described in 4.2 and 4 J/exc'ept that' l-l 1 dibromo-undecane (0.7g, 
15mmol) was used in place of dibromo hexane. 

4.5 Formation of Conjugates Comprising Hexyl Carbazole Dimers 

Conjugates of the dimeric carbazole compounds were prepared for the purposes of 
production and : ElISA testing 'of 'abtioddies/ since the polyclonal antiserum prepared 
previously (3.3)' was raised against monomenc carbazole and' would not necessarily 
recognise the compounds in dimeric form. Accordingly, the carbazole dimers were used 
to prepare conjugates with keyhole limpet haemocyanin (KLH) for immunisation, and. to 
prbpare conjugates'' with bovine serum albumen '(BS A), as described below. 

(i) Formation bf KLH (keyhole limpet haemocyanin) carbazole conjugate 
Mal'eimide-activkted KLH (Pierce 2mg) was dissolved in PBS (phosphate buffered saline) 
(200 )iil). To this, 3,3(N-[6-sodium mefcaptan hexyl]carbazole)N-ethyi^cabazole (2mg in 
200 /xl of PBS) was added and the mixture stirred at room temperature in a ReactiVial™ 
(Pierce). The sample was then dialysed in a Slide-A-Lyzer (Pierce) 'dialysis cassette in 
PBS for 2 hours. The PBS was then changed and the sample left to dialyse overnight at 
room temperature. The sample was then removed and made up to 2.5 ml with PBS and 
placed onto a PDiO column (Pierce) and removed off the column in a 3.5ml aliquot of 
PBS. The sample volume was reduced by spin filtration. UV scans taken showed that 
50 to 60 carbazole dimers were bound to the carrier protein, indicating that half the 
available sites were filled. The KLH conjugate was used for immunisation, essentially as 
described in 3.3. 

(ii) Formation of BSA carbazole conjugate 

BSA (Pierce, 8mg) was dissolved in PBS (I ml) and to this solution was added SPDP 
(N-succinimidyl-3-[2-pyridyldithio]propionate) (2.1mg) in DMSO (25 /il) and incubated, 
stirred at room temperature (1 hour). The mixture was taken and made up to 2.5 ml in 
PBS and loaded onto a PD10 column. The sample was then removed from the column 
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w,th 3.5 m, „ f PBS., ,,The sample was;, placed into a ReactiVial™ ,„ whicll 
3,3(N.[6-sod,um mercaptan h=*yl]carbazole)N-eth yl cabazole (4 mg in 200 ml of PBS) was 
added and s.irred at room temperature overnight. The sample was then dialed in a 
Shde-A-Lyzer (Pierce) dialysis cassette in PBS for 2. hours.. The PBS was dlen changed 
and the sample left to dialyse overnight at room temperature. The sample was men 
removed and made up to 2.5 ml and placed onto a PDlOco.umn (Pierce) and removed 
from the column in a 3.5 ml aliquot. UV. scans taken showed that 5 to 8 carbazole dimers 
werebound.to the carrier protein, indicating that half the available sites were filled 
(Essentia,!,, similar techniques were used ,„ prepare ovalbumen [OVA] conjugates startin. 
f5pmflaleimi.de abated. OVA (Pierce^n^and OVA conjugates were occasionally 
used in place of BSA conjugates). 

TheBSA conju^s were used to coat EL1SA ; plates, essentially as described previous* 
ELISAs performed using BSA conjugate^ Greiner microbe plates demonstrated that 
embody raised against.the KLH conjugate.successfully b^und « me dimeric carbazole 

molecules (data omitted for brevity), , 



••••:»: iij 
'f • ■ J"! f . 



4 ' 6Fo ™^nof3,3^ 
surface :! .... 

A gold electrode .surface was . cleaned by polishing. Monolayers were formed by 
unmersmg a polished screen printed planar electrode (3mm by 7mm) into a solution of the 
3,3(N-(6-thiol hexyl)carbazole)N-ethyl carbazole (approximately 0.01 M in DMF). This 
was left for 24 hours at room temperature in the dark. The electrodes were removed and 
washed in dichJoromethane and then placed into dean dichloromethane to. soak overnight' 
in the dark at room temperature. ....... 

In some experiments, the monolayer also comprised spacer pendant molecules (without 
electroact.ve portions), formed by dipping the electrode in a mixture of the 3 3(N-(6-thiol 
hex y l)carbazole)N-ethyl carbazole solution together with a thiol alkane (typically a C 4 

molecule). 

4.7 Electrochemistry of 3,3(N-(6-thiol hexyl)carbazole)N-ethyl carbazole mono.ayer 
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Electrochemistry was performed using an EG&G model 273 A Princeton Applied Research 
Potentiostat/Gaivanostat and using Echem and Lotus 123 to process the data so obtained. 

(i) Electrochemistry in organic solvent 

The dichloromethane electrochemistry was performed with a cell comprising a silver wire 
as a pseudo or quasi-reference electrode, an aluminium* rod as the counter electrode and 
die monolayer on the gold surface as the working electrode. The electrolyte solution 
comprised of a 0. imolar solution of tetrabuiyianmonium' hexafluorophosphate in dry 
dichloromethane. The electrode' was- removed ' from die stock solution and rinsed in : 
dichloromethane. Thfc electrode was then plicea irr'dried dichloromethane and left to soak 
overnight in the dark at room temperature. ; * ' ; ' { 

The electrode was dried in a stream of hitrbgeri. 1 To check the electrochemistry of die 
monolayer; the electrode was transferred id 'St 1 cell containing dned dichloromethane-With 
tetrabutylammoniufn hexafluorophosphate (0:1 M) as the electrolyte. The cell cbrttairied 
a silver pseudo reference electrode and an aluminium rod as the counter electrode. Cyclic 
voltammograms (100 mV/sec 0 to 1.1 to 0 V) were repeated until a stable, reproducible 
scan could be achieved. The cyclic voltammograms of the monolayer were ; found to be 
different to the electroplated carbazole polymer cyclic voltammograms. The pure dimeric 
monolayer produced a single redox pfeak process, rather than the two peak voltammogram 
observed with the cast electrodes (described in Exampie 3). 

(ii) Electrochemistry in aqueous conditions : . ; 

Working electrodes were transferred through stages of acetonitrile: water mixes before 
being placed in the aqueous solution (for conducting electrochemical analysis in aqueous 
environments), as follows: the electrode was left to soak for 15 minutes in acetonitrile. 
After this time the electrode was removed and 8 mis of the solution was taken and 2 mis 
of the solution was discarded. The solution was made up to 10 mis with MilliQ water and 
the electrode returned to the acetonitrile:water mix to soak for 15 minutes. The process 
of discarding 2mls of the acetonitrile:water mix and making up to 10 mis with MiliQ 
water was repeated four times, each time being soaked for 15 minutes. The 
acetonitriletwater mix was then discarded and the electrode rinsed in a stream of water and 
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left for.final soak in clean MiliQ water for 15 minutes. This totalled six soakin* periods 
from pure acetonitrile to pure water. This had the effect of improving the cyclic 
voltammograms obtained by allowing for gradual acclimatization of the electrode ' 
aqueous environment, and hence formation of a more stable monolayer. 



to an 



Electrochemistry in an aqueous environment was performed with a cell, the arrangement 
of wh.ch is illustrated schematically in Figure 14. Referring to Figure 14, the cell was 
formed* a 100ml glass beaker (50) and comprised a Sure Flow™ (Orion, UK) Ag/AgCl 
(inner)- KC. (outer) referent electro^ 

(54) and a gold working electrode with 'tie' bound monolayer (56). The electrolyte 
solution (58) was sodium hexafluorophosphate in deionised water (unles stated otherwise) 
(The electrical connections of the compare omitted^from Figure 14 for 'me sake of 
clarity). The working monolayer electrode was placed into this cell and a cyclic 
voltammogram taken at lOOmV/sec ir'Wllf^V'and then to -O.lVa.d back to 0 V 
Repeated scans (about six) were made ^MZcyctelLn^L £ obiamed 

As previously, the methoii of analysis was then changed'tochrpnoamperometry so that any 
current effects could be observed and nSred. Assays were again 'repeated until a 
'stable, reproducible scan could be formed to provide abase" ' " "' " ' ' 



4.8 Using the monolayer as an analyte detector in aqueo^ 

An electrode, stabilized in aqueous conditions as described above, was dried with tissue 
takmg care not to damage the monolayer surface. A test or a control sample (with or 
without anti-carbazole antibody) was then pipetted onto the electrode surface fl[ a t 
0.14mgs/ml totai Ig) and the electrode left on a flat surface at room temperature for 15 
m-nutes. After this time the electrode' was' shaken dry and washed m a stream of water 
The electrode was then returned to the cell and a chronoamperometric scan taken under 
the same condition as the baseline scan. To enable comparison two samples were used- 
one sam P .e (the control) contained no anti-carbazole IgG (pre-immunisat.on serum 
sample); the other sample contained the re.evant anti-carbazole IgG (the antibody sample) 
Thus, the P re-,mmun,sation serum sample is a negative control sample, whilst the antibody 
sample was expected to show an effect from binding of the relevant antibody to the 
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The results show that, as anticipated, the negative control scan gave a reduced peak value, 
as indicated in Figure 7. Figure 7 shows a graph of mC against time. The baseline plot 
is labelled 1, and the plot obtained in the presence of pre-immune serum is labelled 2. 
Conversely, duplicate samples of electrodes treated with immune anti-carbazole antibody 
exhibited scans with a peak height increased by 7.73 mC (Figure 8) and 7. 18 mC (Figure 
9) respectively. Again, in Figures 8 and 9, baseline plots are labelled 1, experimental 
plots in the presence of antibody are labelled 2. 

Example 5 - Preparation of an Alternative Electrode Surface 

Production of (ferrocenylcarbonyloxyl)Undecyl Thiol 

The above-mentioned material was synthesised. for use as an alternative electroactive 
chemical moiety for attachment to a solid support. Ferrocene carboxylic acid (3.45g ( 
15mmole) was dissolved in heptane (50ml) and oxyalyl chloride (9.5g, 75 mmple) and 
stirred for one hour. The reaction mixture was then heated to dissolve the remaining 
carboxylic acid and stirred for a further 45 minutes. The sojvent was reduced under 
vacuum to remove the excess oxalyl chloride. Heptane (30mls x 2) was added and reduced 
under vacuum to make sure all remaining traces of oxalyl chloride are removed. This left 
the resulting ferrocene carboxylic acid chloride as a dark red compound.. 

The ferrocene carboxylic acid chloride was dissolved in dichloromethane (ISOmls) with 
11-bromoundecenanol (3.46g, 13.8 mmole) and triethylamine (3g, 30 mmole) and stirred 
at room temperature for 2 days. The reaction mixture was separated over silica gel using 
dichloromethane as the solvent. The resulting product was 1 l-(ferroceneyt 
carbonyloxyl)undecane bromide. 

Sodium hydrosulphate hydrate (Aldrich lg x 20 mmol) was ground in to a powder and 
dissolved into DMF (50ml) and stirred at room temperature. To this 1 l-(ferroceneyl 
carbonyloxy)undecane bromide (0.5g, lOmmol) was added and refluxed (60 °C) for one 
hour to yield the (ferrocenylcarbonyloxyl)undecyl thiol. 
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Addition^, conjugates of t h= ,errocen yl carb„n y l undecane 
£ K LH and BSA, in „ rder B facllia , e and ^ 

7: taP ' M - KLH ,«*P» ™? ^ -nua, ly as described p eviou^ 
I" r " C T nd <4 - 5<i)X Sar,i " 8 fr ° m ~ KLH, eLp I 
DMSO 150 M , PBS,, tnstead of dte carbazoie compound. Simi.ariy, BSA conjugates were 
prepared c[ly . ^ ;alfm co.po.ndlJ 
the carbazole compound. 

r 7 '"^iS^bo^,,^:,, anybodies in 
by ELBA „„ BSA conjugal-coated microbe pla.es, as described previously (3 5) The 

•.r^..*^. w-** «^ ~c kgr „ u „d ,„ t , hapKn £USA 

responses at serum dilutions in excess of 1/1,000. 



Examp le 



^ de„ u,at binding of anti-carbazoie an.ibod.es .o the. mpno.ayer of 
«U* doners cou,d be success,,,,, de.ec.ed direct,, b y Cecfrocnen^, ^ fc 

(E3G) . based on to P r,„c, pl e. The firs, s.ep in ,he formuiation of such an assa y was the 
preparatton of a bispecific anti-ESG/ami-carbazole a„,ibod y construct 

6.1 Isolation of , ne scFv4 l55 anti-E3C antibody fragment 

The DNA encoding the scFv wirn a specificity towards E3G was iso,a,ed from me 
ybr,doma C c„ ,me 4155 and was assembied in an , egression p,asmid pHEN 

an..bod y fragment was ,so,a,ed via phage d,sp,a y as a fusion protein with the »e„e „ 
pro.eu, of modif.ed M,3. The scPv was »g 8 ed a, the C-terminus of the vJwttn a 

rzr nce conomm8 poiyhistidine res,dues f ° r purifauon ^ - ■ « 

recogntsed b y a second antibody (ant, hydrophi, „) for detection. <T he an,ibod y anti 
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hydrohil II is disclosed, and a method of obtaining it taught, in EP 0 456 790, wherein 
the antibody is referred to as "ami hydrophilic tail"). The DNA sequence of the resulting 
construct is shown as Seq'. ID. NO: 1 in the attached sequence listing. The amino acid 
sequence of the encoded polypeptide is shown as Seq. ID. NO: 2 in the attached sequence 
listing. 

6.2* isolation of the anti-carbazole HCV fragments HCV3 and HCV24 

The genes encoding the anti carbazole HC-V domains were isolated essentially as 
described below. The genes were cloned into an Ml 3 phage display plasmid.as a,gene 
III fusion using the restriction eridonucteases Psi I and Bst EII via "standard molecular 
biological procedures. Briefly: 

(i) Isolation of gene fragments encoding llama HC-V domains 
A Mama was immunised eight times at 2-4 week intervals with carbazole coupled to the 
carrier PPD (250-500/ig conjugate per immunisation) Five days after the last 
immunisation, a blood sample of about 200 ml was taken and an enriched lymphocyte 
population was obtained via Ficoll (Pharmacia) discontinuous gradient centrifugation. 
From these cells, total RNA was isolated by acid guanidium thiocyanate extraction (e.g. 
via the method described by Chomczyhnski and Sacchi,' 1987). After first strand cDNA 
synthesis (using the Amersham first strand cDNA kit), DNA fragments encoding HC-V 
fragments and part of the long or short hinge region were amplified by PCR using specific 
primers V H - 2B, Lam-07 and Lam-08: 

Pst\ 

V H - 2B 5 ' -AGGTSMARCTGCAGSAGTCWGG-3 ' (SEQ . ID . NO : 3 ) 

S = C and G, M = A and C, R = A and G , W =A and T, 

Lam-07 HindUl 

5 ' - AACAGTTAAGCTTCCGCTTGCGGCCGCGGAGCTGGGGTCTTCGCTGTGGTGCG- 3 ' 
(SEQ. ID. NO: 4) 



Lam-08 HindUl 
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5 ' - AACAGTTAAGCTTCCGCTTGCGGCCGCTGGTTGTGGTTTTGGTGTCTTGGGTT- 3 ' 
(SEQ. ID. NO: 5) . 

Upon digestion of the PGR fragments with Pstl (coinciding with codon 4 and 5 of die HC- 
V domain, encoding' the amino acicIs l-Q) and BstEW (located at the 3 '-end of the HC-V 
gene fragments, coinciding with the amino acid sequence Q-V-T), die DNA fragments 
with a length between 300 ahcl 400 bp (encoding the HC-V domain, but lacking the first 
three and the last three codohs) were purified via gel electrophoresis arid isolation from 
the agarose gel. These Pstl/BstEll fragments were inserted into a modified pHEN based 
phage display vector linking the HCV genes to gene III of M 13 via a HIS6-myc sequence. 
This library was transformed into E. coli XL-1 Blue by-electroporatian yielding 2.7xl0 6 
individual, transformants. 

(ii) Selection of carbazole binding HCV fragments using affinity panning 

Phages, expressing HCV fragments at the tip were prepared by starting 15mL 
2TY/Amp/Glucose with 50^L of the anti-carbazole library and was grown until the culture 
had reached log-phase (A^^ .0*3-0: 5) . M13K07 helper phage was added and the- culture 
was incubated forj30 minutes at<37°C without; shaking. Jhe ; infected; cells were ( spun at 
5000 rpm for 1Q minutes arid tljexeU pellet r was resuspended in 2Q0mL 2xTY/Amp/Kan. 
. After overnight incubation at 37 °C the ceUs were removed t>y ; :centrifugat ; ion ; . The phages 
were isolated fom the supernatant by PEG precipitation: . • 

add 1/5 volume PEG/NaCL (20% Polyethylene glycol 8000, 2.5M NaCL) mix well and 
leave in ice-water for 1 hour; pellet the phage particles by centrifugation at 8000 rpm for 
30 minutes; resuspend the phage pellet in 20mL water and add 4 mL PEG/NaCl solution; 
mix and leave for 15 minutes in ice-water; pellet the phage particles by centrifugation at 
5000 rpm for 15 minutes; and resuspend the phage pellet in 2mL PBS with 2% Marvel. 

Nunc-immunotubes (5mL) coated overnight at 37°C with ImL OVA-carbazole in 
carbonate buffer (lOOmg/ml), were washed 3 times with PBS and blocked with PBS 
containing 2% Marvel at 37°C for 1 hour. ImL phage suspension was added to the tube 
(and to a control tube) and incubated for 2 hours at room temperature with occasional 
shaking. Unbound phages were removed by washing the tube 20 times with PBS-T 
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followed by 20 washes with PBS. Bound phages were eiuted using lmL elution buffer 
(0.1M HCL/glycine pH2.2/lmg/mL BSA). After 15 minutes at room temperature the 
mixture was neutralised by adding 60mL 2M Tris. The eiuted phage were recovered by 
adding 9mL log-phase E. coli XL-1 Blue (in addition 10/zl of the eiuted phages was used 
to infect log phase E. coli D29AI). Also 4mL log-phase E. coli XL-1 Blue was added to 
the immunotube. Both cultures were incubated for 30 minutes at 37°C ; without shaking 
to allow infection. The fraction were pooled and serial dilutions of 10" 1 MO" 6 were plated 
out on 2TY/Amp/Glucose selective plates. 



Results of selection experiment-: ' <■»'■<• 
phage input per tube: 10 13 
phages recovered from control tube: 5xlC 4 
phages recovered from OVA-carbazole coated plate: 3xl0 6 

(iii) Isolation of specific carhazole binding HC-V domains r- !om 

For the production of soluble HG-V fragments with a HIS6myc-tail, individual colonies 
(in E. coli strain D29AI) obtained after one round of panning, were grown in a 96 well 
mierotiter plate containing 200/xl 2TY/Amp/Glucose medium per well. Once the cultures 
reached 00600=0.5, 150/xl of these cultures was tranferred into a V-bottom 96 well plate 
and the cells were pelleted by centrifugation. The E. ccli cell pellets; were resvispended 
in 200/xl 2TY/Amp/IPTG and incubated (with shaking) at 25 °C overnight. The presence 
of specific carbazole binding HC-V fragments in the supernantants was determined as 

foIlOWS: ; :\; .= ,.-■■ 

Mierotiter plates sensitized with OVA, BSA, OVA-carbazole or BSA-carbazole in 
carbonate buffer (100/xg/ml) were washed once with PBS-T and incubated with 200ftL 
blocking buffer (1%BSA in PBS-T) per well for 1 hour at 37°C, then: the E. coli 
supernatants were mixed with equal volumes of blocking buffer; 50^L of these samples 
was added to each well of the sensitized mierotiter plate; the antibody fragments were 
allowed to bind to the antigen at 37°C for 1 hour; unbound HCVs were removed by 4 
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washes with PBS-T; 100.L of an l M g/ m L solution of the monocional-anti-myc antibody 
Nr 41 1 1 (,n blocking buffer) was added to each well and incubated at 37°C for 1 hour- 
all unbound antibody removed by 4 washes with PBS-T; lOO^L of an appropriate dilution 
of an alkaline-phosphatase conjugated anti-mouse antibody (in blocking buffer) was added 
to each well (incubate at 37°C fori hour); all. unbound conjugated anttbody removed by 
.4, washes, with PBS-T; and , alkaline phosphatase.. activity detected by adding- lOOmL 
substrate solution to each well .(Img/rnl pNP.P ln l M diethanoiamine/lmM MgCli); 

.In mis way . a number of, specific anti-carbazole .HCV.fragments were isolated, amono 
which. were : tw,o termed HCV3 and MWltOpeaivdy. The DNA and amino acid 
sequences of HGV3 are shown as SEQ. ID. NO:s 6 and 7 respectively in- the attached 
sequence listing. The DNA and amino acid sequences of HCV24 are shown as SEQ. ID 
NQ:s 8,and 9 respectively in the attached sequenc^isiing.The antigen binding specificity 
of these fragments was; determined via ELISA, which showed that the fragments- possessed 
me desired ami-carba?ole.binding.,actiyity. 



: in* \ 



Ammonium thiocyanate* (ATC) sensitivity (a relative measured binding strength) of the 
HCy r carbazole interaction was determined to be 0.5M both for HCV3 and HCV24 (value 
= ATC concentration at which binding signal was 50%, of maximal) using the protocol 
essentially, as described above with inclusion, of . various concentrations of ATC together 
withithe HCV containing supernatants. , 

6.3 Expression and purification of anti-carbazole HCV domains 

The PstHBstZll HCV3 and HCV24 gfene fragments were subcloned into the P. pastoris 
transformation/expresssion vector pPlC* This involved two cloning steps: in the first step 
the PstUBsiEU HCV3 and HCV24 fragments from the phage display vector P UR4536 were 
subcloned into the pUC.Y-HIS2t shuttle vector thus yielding pUC.Y-HCV3-HIS2t and 
pUC.Y-HCV24-HIS2t respectively. Figure 1 10 shows a map of plasmid Y A HCV-HIS2t 
constructs. In a subsequent step the Xhol/EcoRl HCV-HIS2t fragments were excised from 
these intermediates and inserted into Xhol/EcoRl opened pPIC9 yielding pPIC HCV3- 
HIS2tandpPIC.HCV24-HIS2t. Figure 1 1 shows a map of plasmid pPIC. HCV constructs. 
The amino acid sequence of the expression products of pPIC.HCV3-HIS2t and 



WO 99/27356 PCT/CB98/0349S 

37 

pPIC.HCV24-HIS2t are shown as SEQ.ID. NO.s 10 and 1 1 in the attached sequence 
listing. 

P. pasroris cells were transformed essentially as recommended by the supplier of die P. 
pastoris expression system (Invitrogen).. Briefly, P. pastoris GS1I5 cells were grown 
overnight at 30°C in 500ml YPD medium (1% Yeast Extract, 2% Peptone, 1% Glucose) 
to 00^= 1.4. The cells were. spun and the pellet -was washed with sterile distilled water 
before resuspending in 100ml KDTT buffer (50 mM Potassium Phosphate pH7.5, 25 mM 
DTT). After 15 minutes incubation at 37?(C^th6 cells were pelleted (3 minutes, 3000 rpm) 
and resuspended in 100ml ice-cold STM 'buffer =(92.4 g Glucose/1, 10 mM Tris.HCL 
pH7.5, 1 mM MgCL). • • : -^< ^ • 

\ After 5 washes with this buffer the ieli peliet was resuspended in a final voiume of O^Sml 
STM buffer. Approximately 2-5^tg DNA in* 2^1 H,0 (Bg[ll digested pPIC constructs: 
DNA purified via phenol/chloroform extractions 1 and precipitation) was : mixed with 70/xl 
of fresh competent P. pastoris cells (on ice). The cells were electroporated in a 0.2 cm 
1 -cuvette:; at 1.5kV, 400fi, 25/iF in a BioRad Gene-Pulser. Immediately after 
*electroporation, 1ml of YPD medium was added to the 1 cells. 'After recovery for 1 h at 
30°C, the cells were pelleted and resuspended- in 200^iL TM Sorbitol and plated out onto 
MD plates (1.34%YNB, 4xl0" 5 % Biotin; 1% Glucose, 0.15% Agar). ' Colonies formed 
by transformed cells (His + ) were visible within 48 hours incubation at 30°G. Transformed 
P. pastoris cells GSl 15 were selected essentially as recommended by the Invitrogen Pichia 
pastoris expression manual. The plates containing the His + transformants were used to 
screen for the Mut\ and Mul s phenotype as follows: Using sterile, toothpicks, colonies 
were patched on both an MM plate .(1,,34;%YNB, 4xl0 5 % Biotin, 0.5% MeOH, 0.15% 
Agar) and an MD plate, in a regular pattern, making sure to patch the MM plate first. 
Approximately 100 transformants were picked for each construct. After incubating the 
plates at 30°C for 2-3 days the plates were scored. Colonies that grow normally on the 
MD plates but show little or no growth on the MM plates were classified as Mut s clones. 

Transformed and selected P. pastoris clones were induced to express HCV domains using 
the protocol outlined below: i) a single colony from the MD plate was used to inoculate 
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10ml of BMGY (1% Yeast Extract, 2% Peptone, lOOmM potassium phosphate pH6.0, 
L34%YNB, 4xl(T% Biotin, 1% Glycerol) in a 50ml Falcon tube; ii) the culture was 
grown at 30°C in a shaking incubator (250 rpm) until the culture reached an 00^=2-8; 
iii) cultures were spun at 2000g for 5 min. and resuspended, cells in ,2ml of BMMY 
medium (1% Yeast Extract, 2% Peptone, lOOmM potassium phosphate pH6.0, 
1.34%YNB, 4xl0" 5 % Biotin, 0.5% Glycerol); iv) cultures were- returned to the incubator; 
v) 20jxL of MeOH was added to the cultures after 24h to maintain induction; and vi) after 
48h the supernatant was harvested by removing the cells by centrifugation. 

Individual supernatants were assaye^J)^ x S^S r ^\pE ancj ELISA and single HGV domain 
producing clones were used to scaled uq this jprocess to yield larger amounts of antibody 
fragment. , ... ; .. 

yp t!rM v < ' i *■•■••■■■•;'! ..r < - '•>' : ' • V _<.••••• ' ' 

Culture sup.ernatants. (200 mL, pH 6-8) were clarified through a 0.45/i,low protein binding 
cellulose ^cptate filter (Nalge Nunc Intl.), applied tp.a jNi-NTA Superflow column . (5 mL, 
Qiagen Ltd, UK) at 2 mL/min, and, washed with PBSA until the absorbance at 280 nm 
reached baseline. Elution ,with a linear gradient of 0 - 500mM imidazole over 5 column 
volumes was follovyejd.by immediate buffer exchange by passage down a column of G-25 
Sep^dex (150mL bed vol u me , Pharmacia) pre-equilibrated with PBSA, collecting 4mL 
fractions. Peak fractions were assayed by SDS-PAGE and ELISA then combined and 
freeze dried in aliquots. 

6.4 Construction of the bispecific scI?v4155-HCV3 and HCV24 constructs 

The .construction, of the scFv.41557HCV3-HIS2t and scFv4155-HCV24-HIS2t bispecific 
antibody fragments involved two cloning steps. : In the first step a synthetic Xhol/Pstl 
fragment (from pUR4l24: a pUC vector containing VL-Lys-synthetic linker-VH-Lys 
EcoRl/Hindlll insert: the DN A and encoded amino acid sequences are shown as SEQ. ID. 
NO:s 12 and 13 respectively in the attached sequence listing), , encoding a flexible 
polypeptide linker which allows the fusion of the C-terminus of the scFv4155 and the N- 
terminus of the HCV fragments, was inserted into Xhol/Pstl opened Y"HCV3-HIS2t and 
T"HCV24-HIS2tthus yielding Y.^^ 

In the second step, the Xhol/EcoRl fragments from the Y.link-HCV-HIS2t constructs were 
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inserted into BstEWEcoRl opened pIC.scFv4155-HIS2t together with a VL4155 encoding 
BstEU/Xhol fragment (isolated from the same vector) yielding pPIC.scFv4l55-link- 
HCV3.HIS2t and P PlC.scFv4 155-iink-HCV24.HIS2i respectively. Figure 12 shows a map 
of constructs based on plasmid pPIC.scFv4i55-HCV. The amino acid sequence of the 
expression product of pPIC.scFv4155-Iink-HCV3.HIS2t and' of 'pPldscW4^55-i'ink- 
HCV24.HIS2t are shown as SEQ. ID. NO:s 14 and 15 respectively in the attached 
sequence listing. 1 ' ! 

P. pastoris transformants were isolated essentially as described under 6.3 except that the 
pPIC DNA was digested with Dral instead oV'^n'f before transformation!' the I crude ?. 
patfGn'5'supernatants were tested for the production 'of scFv-HCV ' fusion 'protein via 
analysis on 12% acrylamide gels using the Bio-Rad mini-Protean II- system. ! 'E3G, 
carbazole and bispecific binding activity was shown via ELISA as follows: (a) 96 weli 
ELISA plates (Greiner HC plates) were activated overnight at 37°C with ; 200 ^i'/weil of 
the OVA-E3G or OVA-carbazble conjugate; (b) following one wash' witn PBST the wells 
were incubated for 1 hour at -37°C With 200/iL blocking ' 'buffer per well (Blocking 
buffer: I % BSA in PBS-T); (c) serial 'dilutions of test'sam^ 

equal volumes of blocking buffer and added to the sensitised weiis*' Elates were 

incubated at 37°C for 1-2 hours; (d) lOO /zL an:i-hydrophii-ft' Wnoclonal (cllone'^r 4890) 
in blocking buffer was added to each well and incubated at 37°C for 1 hours; (e) unbound 
antibody was removed by 4 washes with PBS-T; (f) 100/xL of an appropriate dilution of 
an alkaline-phosphatase conjugated anti-mouse antibody (in blocking buffer) was added to 
each well (incubate at 37°C for 1 hour); and (g) unbound conjugated antibody was 
removed by 4 washes with PBS-T. Alkaline phosphatase activity was detected' by adding 
1 00m L substrate solution to each well (Img/ml pNPP in f M diethanolamine/lmM MgCU). 

Alternatively, the presence of bispecific carbazole/E3G binding HC-V fragments was 
detected by allowing the fragments to bind to an OVA-carbazole coated plate and detecting 
E3G binding activity by a subsequent incubation with E3G-AP conjugate. Following one 
wash with PBST, captured E3G-AP was detected by adding lOO^I/well pNPP substrate 
(Img/mLpNPP in IM diethanolamine/lmM MgCh). In summary, the results- showed that 
the scFv4155-HCV3 and scFv4155-HCV24 bispecific molecules were able to bind to both 
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Example 7 Assav for Estrone-3-Glucuronide 

Having obtained a bispecific immunoglobulin molecule with the desired two binding 
specificities, the inventors were able to perform an assay to determine the presence of an 
E3G analyte of interest in accordance with the invention. 



7.1 Construction of electrochemical sensing layer 

An electrode was prepared according to the description in. Example 4.6. 

7.2 Construction of cell for electrochemical measurements 

(reference numerals refer to the integers shown in Figure 2) 

Strips of thin plastic sheet, approximately 0.5 mm thick, were used as a spacer and stuck 
to the electrode support surface surrounding the electrode (10 in figure 2) using double 
sided adhesive tape. Thus a chamber 0.5mm deep was formed surrounding the gold 
electrode, creating a capillary-fill device. This allowed 50/xl of sample to be placed over 
the electrode for incubations. In a second version, a plastic lid was placed over the 
chamber but leaving the two ends. open. Checks showed that 10/xl of liquid was sufficient 
to fill the chamber and electrochemical measurements .could be performed to provide 
almost identical results to those obtained with the lid absent. 

7.3 Formation of E3G and ED3G conjugates 

An estrone 3-glucuronide (E3G) or estradiol 3-glucuronide (ED3G) ovalbumin conjugate 
was prepared by resuspending 2.6mg cf E3G or ED3G in 2 ml of freshly prepared • 
solution of EDC (1-ethyl (dimethylaminopropyl) carbodimide, 0.1M) and NHS (N- 
hydroxysuccinimide, 0.02M) and incubating for 15 mins at room temperature. 



To the E3G or ED3G solution, 2ml of ovalbumin (lOmg/ml) was added and this was 
incubated for 2.5hr at room temperature with constant mixing. 



The conjugated E3G or ED3G ovalbumin solution was then dialysed for 16hr against 1L 
of phosphate buffered saline containing 0.1% sodium azide. 
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7.4 Construction of immunochemical surface 

The surface of the lid (16) facing the electrode, which was typically polycarbonate or 
polystyrene, was modified to form an assay surface (18). Estrone-3-glucuronide (for 
competition assay) or estradiol-3-glucuronide (for displacement assay) conjugated to 
ovalbumin, as in example 7.3 above, was allowed to adsorb to the plastic surface by 
incubating it with a 0.5mg/ml solution in phosphate buffered saline pH 7.2 (PBS) for 2 
hours at room temperature. The surface was rinsed with PBS to remove excess conjugate 
and dried using a hot hair drier for thirty seconds. The surface was then loaded with the 
double headed antibody scFv4155-HCV3 '(22), described in Example 6, by incubating the 
surface with a solution (100 /zg/ml in PBS) of the double head for thirty minutes at room 
temperature. 

7.5 Preparation of cell for electrochemical measurements 

A stable base line scan was obtained for a cell, without the lid on, as described in 
Example 4.7 (ii). 

7.6 Assay for Estrone-3-Glucuronide (E3G) 

The electrode was dried using a stream of nitrogen, * Excess antibody was rinsed off the 
surface with PBS and the lid (16) shaken free of liquid, or in one experiment air dried 
without noticable effect on trie assay result, before attaching it over the electrode chamber. 
Immediately, the chamber was filled with the sample to be measured (20). In this example 
the samples were solutions of E3G made up to known concentrations (0 - 50/xg/ml) in 
PBS. For samples containing E3G, double headed antibody was displaced or competed 
off from the immunochemical surface thereby allowing it to bind to the carbazole dimer 
groups (12) on the electrode surface. The cell was established as described in 4.7(H) and 
left to react for 20 minutes. 

7.7 Measurement of the electrochemical response 

The capillary was shaken empty and washed with distilled water. The electrolyte solution 
was then returned to the capillary-fill device and an electrical reading, here 
chronoamperometric, measured (as in 4.7(ii)), compared to the background scan and the 
AQ value calculated as described in example 3.10. 
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7.8 Assay Curve 

Figure 15 shows an assay curve (dose response, A/xQ against concentration of E3G in 
Mg/ml) for a set of 8 cells challenged with increasing concentrations of die analyte E3G. 
A typical immunoassay curve shape is seen. A peak response was obtained at a 
concentration of E3G between 10 and 20/ig/ml. Two important controls are also 
illustrated in the Figure: PBS (Con2) or E3G (50/xg/ml) in PBS (Conl), in die absence 
of double headed antibody, caused no electrochemical changes. 

7.9 Assay with Reduced Chamber depth 

In a further experiment the chamber depth was reduced by using double-sided adhesive 
; 'tape' : alone as" a spacer (giving about' a 'five fold reduction in chamber depth, to around 
0. 1mm), arid 'me assay repeated substantially as described above. A beaker was filled with 
E3G sample solution (25/ig/ml), which solution entered the capillary device by capillary 
action.' A ! scan was performed as soon as possible (after about 20 seconds), and further 
scans made thereafter at about 1 minute intervals. The results, shown in Figure 16 (/xC 
against time in seconds) demonstrated very rapid signal development (with a maximum 
value of AQ obtained after just one or two minutes), showing that the device allows for 
real time monitoring and analysis of samples. Referring to Figure 16, (A) is the 
background scan, (B) the scan obtained after 20 seconds, and (C), (D), (E) and (F) the 
scans obtained after 1,2, 3 and 4 minutes respectively. It can be seen that there was 
essentially no further change in the scan profile after 1 - 2 minutes. 
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CLAIMS 

1. A component for a device for detecting the presence of an analyte of interest in a 
sample, the component comprising an electrically conducting: solid support having 
immobilised thereon a chemical moiety, said chemical moiety comprising an electroactive 
portion with an electrochemical property capable of being directly modulated in a 
detectable manner by the binding thereto of a binding partner having a specific binding 
activity for the electroactive portion. 

2. A component according to claim. i, wherein the electrically conducting. solid support 
comprises gold, platinum, metal oxide, carbon/graphite, silicon or silipatp. 

3^ A component according to claim 1 or 2 1: wherein the modulation of the 
electrochemical property involves oxidation or reduction of the chemical : moiety. 

4. A component according to any one of claims 1, 2 or 3, wherein the electroactive 
portion comprises an immunogen or a hapten, and the binding partner comprises an 
immunoglobulin or an effective antigen-binding portion thereof with binding specificity 
for the electroactive portion. 

5. A component according to any one of the preceding claims, wherein the chemical 
moiety comprises an organic, moderately hydrophobic entity. . 

6. A component according to any one of the preceding claims, wherein the chemical 
moiety comprises a conjugated system of delocalized electrons. 

7. A component according to any one of the preceding claims, wherein the chemical 
moiety comprises an organometallic compound or a heteroaromatic compound. 

8. A component according to any one of the preceding claims, wherein the chemical 
moiety comprises a monomer, dimer or polymer comprising one or more of the following: 
carbazoles, ferrocenes, pyrroles, furans, and thiophenes. 
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9. A component according to any one of the preceding claims, wherein the electroactive 
portion of the chemical moiety is separated from the electrically conducting solid support 
by a pendant chain portion. , . 

A component according ; tp clajm 9, wherein the pendant chain portion comprises a 
conjiigated system of delocalised electrons, to facilitate transport of electrons between the 
electroactive portion; and th$ electrically conducting; solid support. ■ , . 

11. A component according to claim 9, wherein the pendant chain portion is alkyl, 

i?} 2 i\uv A Mo^rei^f^^g l P claijn,,U , , wh^in ; thLe, chain, portion conforms to the 
g9P^; fo f^M la wherq n > # integer, from 3. to |: 14, preferably .from 5 to 12, 
inclusive. . • ., , • ,, . . ,. } 

• ■■'?^!i!^iM^?P^° t ^P r ^?8 t0 any on ?; of 1116 preceding claims, wherein -the chemical 
moiety is a molecule which can form a self-assembling monolayer on the electrically 
conducting solid support, . ... . , ; ., ( ]tV 

14. An assay device for detecting the presence of an analyte of interest, comprising a 
component in accordance with any one of the preceding claims. 

15. An assay, device according to claim 14,. further comprising one or more of the 
following: sample receiving means for accepting a sample under test; a binding partner 
having specific binding activity for the.ejectro.acti.ve portion of the chemical moiety; 
detection means for detecting a modulation in an electrochemical property of the 
electroactive portion of the chemical moiety; data processing means for processing data 
output from the detection means; and data display means for displaying the assay result. 

16. An assay device according to claim 14 or 15, comprising a binding partner releasabiy 
immobilised on a solid support, said binding partner having specific binding activity for 
the electroactive portion of the chemical moiety, and being released from the solid support 
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in the presence of the analyte of interest. . • 1 

17. A component for use in a device according to claim 14, said component comprising 
a solid support having releasably immobilised thereon a binding partner having specific 
binding activity for an electroactive portion 1 of chemical moiety, the binding partner being 
released from the solid support in the presence of the analyte of interest, and wherein 
binding of the binding- partner to the' electroactive portion directly modulates an 
electrochemical property of the electroactive portion in a detectable manner. 

18. A method of detecting the presence of an aiMyte 6f interest in 'a simple, the method 
comprising . the steps of: providing an electrically conducting solid support having 
>immobilised thereon alchemical moiety having'' ah electroactive '^oftion "with an 
electrochemical property capable of being -modulated in a detectable manner directly' by 
the binding thereto of a binding partner having specific binding activity for "the 
electroactive portion; and causing the binding partner to contact the electroactive portion 
of the chemical moiety as a result of the presence in the sample of 'thb analyte of interest. 

19. A method according to claim 18, comprising use of a coriipbnent according to any 
one of claims 1-13, or an assay device according to any one of claims 14, 15 or 16. 

20. A method according to claim 18 or 19, wherein the binding partner is preseht a£ a 
binding entity and comprises a first specific binding activity for the electroactive portion 
of the chemical moiety, and a different, second specific binding activity. 

21. A method according to any one of claims 18, 19 or'20, wherein the binding partner 
comprises a bispecific antibody or bispecific antigen-binding immunoglobulin portion. 

22. A chemical moiety, comprising an electroactive portion, having the structure shown 
in Figure 13 wherein R x and R 2 are, indepenently, H; OH; C r C I4 alkyl, aryl, alkenyi or 
alkoxy (all optionally substituted); halide; amide; or amine; and further wherein the 
heteroaromatic ring structure may be optionally substituted at one or more positions with 
alkyl, aryl, alkenyi. or alkoxy groups (all themselves optionally substituted), acid groups 
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(organic or inorganic), halide, amide or amine. 
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23. A chemical moiety according to claim 22, wherein R { is alkyl, preferably ethyl, 
propyl or butyl. 

24. A chemical moiety according to claim 22 or 23, wherein R 2 is C { - C p alkyl, 
preferably C 4 - C 8 alkyl. . 

i . ! ' 

25. A chemical moiety according tp *iny one ofjclaims 22, 23 or 24, wherein R { or R 2 
is substituted so as to comprise a terminally positioned reactive substituent thiol, carboxyl, 
amider&mifle, hal-ida, aldehyde / tejtojie^ epoxide^ or succinimidejp<j>up, or other protein 
coupling agfentitfAich facilitates ''coupling bPtiie moiety to othef entities. ' 

26. A molecule having specific binding activity for a chemical moiety in accordance with 
any one of claims 22-25. 

27. A molecule according to claim 215V comprising an hhmunoglobulin molecule or an 
effective portion thereof. f 

28. A molecule according to claim 26 or 27, comprising at least one further specific 
binding activity, which further specific binding activity is for an analyte of interest of for 
an antibody directed against an analyte of interest. 
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,. SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: . . 

(A) NAME: Unilever PLC 

Irl rI?v ET , : ^ever House, Blackfriars 
(C) CITY: London 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP): EC4P 4BQ 

(G) TELEPHONE: -(01234) 222068 

(H) TELEFAX: (01234) 222633 

(A) NAME: Unilever NV 

(B) STREET: Weena 455 

(G) CITY: Rotterdam ' ■ 

(E) COUNTRY: Netherlands 

(F) POSTAL CODE (ZIP): 3013 AL , : ■ " >■ 

(ii) TITLE OF INVENTION: Improvements ' in or Relating to ' 
Electrochemical Assays J 

(iii) NUMBER OF SEQUENCES: 15 ( . ' 

(iv) COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

n Kffi G F 5 ™: PC-DOS/MS-DOS 
-(D) SOFTWARE: P'atentln Release #i.U, Version #1.30 (EPO) : ' 

(2) INFORMATION FOR' 5EQ 10 NO: 1 1: ! 1 ' n .• 

(i) SEQUENCE CHARACTERISTICS • 
: (A) LENGTH: =804 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE. DESCRIPTION: SEQ ID NO: 1: 
CAGGTGCAGC TGCAGGAGTC TGGGGGTGGC TTGGTGAACC TTGGAGGGTC TATGACTCTC 
TCCTGTGTAG CCTCTGGATT CACTTTCAAT ACCTATTACA TGTCTTGGGT TCGCCAGACT 
CCAGAGAAGA CGCTGGAGTT GGTCGCAGCC ATTAATAGTG ATGGTGAACC TATCTATTAT 
CCAGACACTT TGAAGGGCCG AGTCACCATC TCTCGAGACA ATGCCAAGAA GACCCTATAC 
CTGCAAATGA GCAGTCTAAA CTTTGAGGAC ACAGCCTTAT ATTACTGTGC AAGACTTACT 
TACGCCGTGT ATGGTATGGA CTATTGGGGC CAAGGGACCA CGGTCACCGT CTCCTCAGGT 
GGAGGCGGTT CAGGCGGAGG TGGCTCTGGC GGTGGCGGAT CGGACATCGA GCTCACCCAA ■ 



60 
120 
180 
240 
300. 
360 
420 
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ACTCCACCCT CCCTGCCTGT CAGTCTTGGA GATCAGGTTT CCATCTCTTG 


CAGATCTAGT 


480 


CAGAGCCTTG TGTCCAATAA TAGAAGGAAC TATTTACAn GGTACCTGCA 


GAAGCCAGGC 


540 


CAGTCTCCAA AGCTCGTGAT CTACAAAGTT TCCAACCGAT TTTCTGGGGT 


CCCAGACAGG 


600 


TTPA£T££PA CTGPATPAPP PAPAf:ATTTP APAPTPAAPA TPAPPAP APT 


rrrrrrTr ap 
bblbbUbAb 


660 


GATCTGGGAC TTTATTTCTG CTCTCAAAGT TCACATGTTC CGCTCACGTT 


CGGTTCTGGG 


720 


ACCAAGCTCG AGATCAAACG GGGATCTCAT CACCATCACC ATCACGGATC 


CGGTAGCGGG 


780 


AACTCCGGTA AGGGGTACCT GAAG 




804 



(2) INFORMATION FOR SEQ ID NO: 2: v - 

(i) SEQUENCE CHARACTERISTICS: \\ ■ 

(A) LENGTH: 268 amino acids 

(B) TYPE: amino a,cid :, , V v'; ■ .v r-r..)i V: - '■' 

(C) STRANDEDNESS: single ' " ' .." V,,,..,'-': , 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Gin Val Gin Leu Gin Glu Ser Gly Gly. Gly Leu. Val Asn Lej.Gly Gly 
1 5 • , .10 ' - 15 

Ser Met Thr Leu Ser Cys Val Ala Ser Gly Phe Thr Phe Asn Thr Tyr 

20' 25 30 

Tyr Met Ser Trp Val Arg Gin Thr Pro Glu Lys Thr Leu Glu Leu Val 
35 40 45 

Ala Ala He Asn Ser Asp Gly Glu Pro Tie Tyr Tyr Pro 'Asp Thr Leu 

50 55 60 .; 

Lys Gly Arg Val Thr He Ser Arg Asp Asn Ala Lys Lys Thr Leu Tyr 
65 70 75 80 

Leu Gin Met Ser Ser Leu Asn Phe Gl;u Asp Thn Ala Leu Tyr Tyr Cys 
85 ' ' " 90" 95 

Ala Arg Leu Thr Tyr Ala Val Tyr Gly' Met Asp Tyr Trp Gly Gin Gly 

100 .,.105,.- .. 110 

Thr Thr Val Thr Val Ser Ser Gly. Gly Gly Gly Ser Gly Gly Gly Gly 
115 120 125 

Ser Gly Gly Gly Gly Ser Asp He Glu Leu Thr Gin Thr Pro Pro Ser 
130 135 140 

Leu Pro Val Ser Leu Gly Asp Gin Val Ser He Ser Cys Arg Ser Ser 
145 150 155 160 
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Gin Ser Leu Val Ser Asn Asn Arg Arg Asn Tyr Leu His Trp Tyr Leu 
lbb 170 175 

Gin Lys Pro Gly Gin Ser Pro Lys Leu Val He Tyr Lys Val Ser Asn 

i0U 185 190 

Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr 
wo 200 205 

Asp Phe Thr Leu Lys He Ser Arg Val Ala Ala Glu Asp Leu Gly Leu 

Ci[J clb 220 

Tyr Phe Cys Ser Gin Ser Ser His Val Pro Leu Thr Phe Gly Ser Gly 

235 240 

Thr Lys Leu Glu lie Lys Arg Gly Ser His His His His His His Gly 

: 245 ■ • : '250 ' : , 255 ■ ' 

;.Ser Gly, Ser Gly Asn; Ser Gly: Lys Gly Tyr LeU : Lys -..:\\ ■ 

260 265 

(2) INFORMATION FOR SEQ ID NO: 3: • • - 

(T) SEQUENCE .CHARACTERISTICS • • > ; ^ ■■■■ 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid - : : 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 'i " ■ •-■ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
AGGTSMARCT GCAGSAGTCW GG 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 53 base pairs 

(B) TYPE: nucleic acid 
(O STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

.AACAGTTAAG CTTCCGCTTG CGGCCGCGGA GCTGGGGTCT TCGCTGTGGT GCG 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS- ■■ 

(A) LENGTH: 53 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



22 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AACA6TTAAG CTTCCGCTTG CGGCCGCTGG TTGTGGTTTT .GGTGTCTTGG GTT 53 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS- . 
(A) LENGTH: 378 base pairs 
'"(B) TYPE: nucleic acid 

(C) STRANDEDNESS : ' single 

(D) TOPOLOGY: linear . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CAGGTGCAGC TGCAGGAGTC AGGGGGAGGA |TGGTGCAGC CTGGGGGCTC TCTGAGACTC 60 

TCCTGTGCAG CTTCTGGACT CACATT.GACT ACQTATTCAA ,'CGGGCTGGTT CCGCCAGGCT 120 

CCAGGGAAGG AGCGTGAATT TGTAGGAATG CTTGGATGGA GTGGTGGTGG CAACACGTAC 180 • 
TACGCAGACT CCGTGAAGGG CCGATTTACC ATCTCCAGAG ACAACGCCAA GAATATGGTG ' " 240 - 

TTTCTGCAAA TGAGCAGCCT GAAACCTGAG GACACGGCCG TTTATTACTG TGCAGCACGA 300 

CAACCCTACC GAGGTAGTTA CAGTGATCCG AATAATTATC ATTACTGSGG CCAGGGGACC 360 

CAGGTCACCG TCTCCTCA , .' 378 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: -.' 

Gin Val Gin Leu Gin Glu Ser Gly Gly Gly' Leu- Val Gin Pro Gly Gly 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Leu Thr Leu Thr Thr T>/r 

20 25. .; 30 

Ser Thr Gly Trp Phe Arg Gin Ala Pro Gly Lys Glu Arg Glu Phe Val 

35 40. 45 

Gly Met Leu Gly Trp Ser Gly Gly Gly Asn Thr Tyr Tyr Ala Asp Ser 
50 55 60 

Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Met Val 
65 70 75 80 
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Phe Leu Gin Met Ser Ser Leu Lys Pro Glu Asp Thr Ala Val Tyr Tvr 
85 90 95 J 

Cys Ala Ala Arg Gin Pro Tyr Arg Gly Ser Tyr Ser Asp Pro Asn Asn 
iUU 105 no 

Tyr His Tyr Trp Gly Gin Gly Thr Gin Val Thr Val Ser Ser 
115 1 ' 120 125 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS- 
' (A) LENGTH: 375 base pairs 

(B) TYPE: nucleic acid 1 ' 

(0 STRANDEDNESS: single 

(D) TOPOLOGY: linear : ■ : ^ '; : 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CAGGTGCAGC TGCAGGAGTC AGGGGGAGGA TTGGTGCAG6 CTGGGGGCTC TCTGAGACTC 
TCCTGTGCAG CCTCTGGACG CACCTTCAGT' GTT7ATGCCG TGGGTTGGTT CCGCCAGGCT ' 
CCAGGGAAGG AGCGTOAlGTT- TGTAGGATAC ^TTGGCACGC GTGGTGGAAG AACATACTAT ' ' 180 
GCAGACTCCG TGAAGGGCCG ATTCACCATC ; GCCATAGACA ACGCTAAGAA CACGGTGTAT , 240 
CTGCAAATGA ATAGCCTGAA ACTAGACGAT ACGGCCGTTT ATTACTGCGC AGTCCGTATG 300 
CCGTATAGTG GTGATTACCG ATCTAGTGGG 'ACATATGACT ACTGGGGCCA GGGGACCCAG 360 
GTCACCGTCT CCTCA 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 125 amino acids 

(B) TYPE: amino acid ■ 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gin Val Gin Leu Gin Glu'Ser Gly Gly Gly Leu Val Gin Ala Gly Glv 
1 5 10 15 J 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Arg Thr Phe Ser Val Tyr 
20 25 30 

Ala Val Gly Trp Phe Arg Gin Ala Pro Gly Lys Glu Arg Glu Phe Val 
^5 40 45 

Gly Tyr Phe Gly Thr Arg Gly Gly Arg Thr Tyr Tyr Ala Asp Ser Val 
DU 55 60 



60 
120 
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Lys 61 y Arg Phe Thr He Ala He Asp Asn Ala Lys Asn Thr Val Tvr 
65 70 75 80 

Leu Gin Met Asn Ser Leu Lys Leu Asp Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 " 

Ala Val Arg Met Pro tyr Ser Gly Asp Tyr Arg Ser Ser Gly Thr Tvr 
100 105 no 

Asp Tyr Trp Gly Gin Gly Thr Gin Val Thr Val Ser Ser 
115 120 125 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: , 

(A) LENGTH: 147 amino acids 

(B) TYPE: amino acid ■ . . 

(C) STRANDEDNESS: single '"' 

(D) TOPOLOGY: linear •,, , : . , / 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:- 10:. - ; • : . 

Gin Val Gin. Leu Gin Glu Ser Gly Gly Gly. Leu, Val Gin Pro Gly Gly, 
1 5 : " 10 " 15 

Ser Leu Arg Leu Ser Cys Ala Ala' Ser Gly Leu Thr Leu thr Thr Tyr 

,. 20 ■ ; lL; .25 ,,,, o ,/ ; 30 . '. ' 

. Ser Thr Gly Trp Phe Arg. Gin Ala . Pro Gly LyS:.<Glu Arg -Glu Phe Val 
35 ' 40 45 

Gly Met Leu Gly Trp Ser Gly Gly Gly Asn Thr Tyr Tyr Ala Asp Ser 
50 55 60 

Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Met Val 
65 70 75 80 

Phe Leu Gin Met Ser Ser Leu Lys Pro Glu Asp Thr Ala Val Tyr Tvr 
85 90 95 " 

Cys Ala Ala Arg Gin Pro Tyr Arg Gly Ser Tyr Ser Asp Pro Asn Asn 
100 ,,,105 :. 110 

Tyr His Tyr Trp Gly Gin Gly Thr Gin: Val ihr Val Ser Ser 61 v Ser 
115 120 125 

His His His His His His Gly Ser Gly Ser Gly Asn Ser Gly Lys Gly 
130 135 140 

Tyr Leu Lys 
145 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(T) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 146 •ami no acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11; ; 
Gin Val Gin leu Gin Glu Ser Gly Gly Gly Leu Val Gin Ala Gly Gly 



15 



Ser Leu. Arg Leu Ser Cys Ala^Ala^Se^ly, Arg Thr Phe .Ser Val. Tyr 

lb 30 

:Ala Va1 ^ y Trp Phe Arg '&mmm^s Arg Glu' Phe Val 

f : : •„,,. . . • 4 0 ■ ; ; . ;: ; , . 45 ,. 

Gly Tyr Phe Gly Thr Arg Gly Gly Arg Thr Tyr Tyr Ala Asp : Ser.'vJ. 

bo 50 ■ ». 

Lys Gly Arg Phe Thr lie Ala He Asp Asn Ala Lys. Asn Thr. Val Tyr 

/U 7 5 '80 

Leu Gin Met Asn Ser Leu Lys Leu Asp Asp ThrATa Va : l hr U Cys 



95 



Ala Val Arg Met Pro Tyr Ser Gly Asp Tyr : Arg Ser Ser. Gly, Thr Tyr 



110" 



Asp Tyr Trp Gly Gin Gly Thr Gin Val Thr VaT Ser Ser Gly Ser His 
His His His His His Gly Ser Gly Ser Gly Asn Ser Gly Lys Gly Tyr 



140 



Leu Lys 
145 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 739 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GAATTCGGCC GACATCGAGC TCACCCAGTC TCCAGCCTCC CTTTCTGCGT CTGTGGGAGA 60 
AACTGTCACC ATCACATGTC GAGCAAGTGG GAATATTCAC AATTATTTAG CATGGTATCA 120 
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GCAGAAACA6 GGAAAATCTC CTCAGCTCCT GGTCTATTAT ACAACAACCT 


TAGCAGATGG 


. 180 


TGTGClATlA AGGTTCAGTG gcagtggatc aggaacacaa tattctctca- 


AGATCAACAG 


240 


CCTGCAACCT GAAGA 1 1 1 1 b bbAb 1 1 A 1 1 A LI b 1 LAALA 1 lilt GGAGTA 


CTCCTCGGAC 


300 


GTTCGGTGGA ACCAAGCTCG AGATCAAACG GGGTGGAGGC GGTTCAGGCG 


GAGGTGGCTC 


360 


IbbLbblbbL bbAllbLAbb IblAbublA bbAbTLAGGA CCTGGCCTGG 


TGGCGCCCTC 


420 


Ar/vpArrrTP TrrATPAfAT rr Arrnnr apppttptpa t~ta apppppt 
ALAbAbLL 1 b 1 LLA 1 LALA 1 bLALLb 1 U L Abbb II L 1 LA II AALLbbL 1 


ATPPTPTA A A 

ATGGTGTAAA 


480 


rTpmrprr pappptppap paaappptpt rrnPTPorTr r*r*A atpattt 
LlbbbllLbL LAbLllLLAb bAAAbbblll bbAblbbLIb bbAAIGAI 1 1 


OPP^Tf 1 aTPP 

GGGGTGATGG 


540 


AAACACAGAC TATAATTCAG CTCTCAAATC CAGACTGAGC ATCAGCAAGG 


ACAACTCCAA 


600 


GAGCCAAGTT TTCTTAAMA. TGAACAGTCT GCACACTGAT .• GACACAGCCA 


. GGTACTACTG 


660 


TGCCAGAGAG AGAGAnATA GGCTTGACTA CTGGGGCGAA GGCACCACGG 


TCACCGTCTC 


720 


CTCATGATAA GCTTGTCAC l; : ' !J , '. ' 




739 



(2) INFORMATION F0R ; SEQ ID NO: 13: 1 ' '. "* " " ' ' 

(i) SEQUENCE CHARACTERISTICS:' . ; 

(A) LENGTH: 241 amino acids'" "' 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single . ••■ 

(D) TOPOLOGY: linear ' ' , 

(xi) SEQUENCE DESCRIPTION: SEQ ID. NO: 13: 

Asn Ser Ala Asp He 61 u Leu Thr Gin Ser Pro Ala Ser Leu Ser Ala 
1 5 10 .. 15 

Ser Val Gly Glu Thr Val Thr He Thr Cys Arg Ala Ser Gly Asn' He 
20 25 30 

His Asn Tyr Leu Ala Trp Tvr Gin Gin Lys Gin Gly Lys Ser Pro Gin 
35 40 45 

Leu Leu Val Tyr Tyr Thr Thr Thr Leu Ala Asp Gly Val Pro Ser Arg 
50 55 60 

Phe Ser Gly Ser Gly Ser Gly Thr Gin Tyr Ser Leu Lys He Asn Ser 
65 70 : 75 80 

Leu Gin Pro Glu Asp Phe Gly Ser Tyr Tyr Cys Gin His Phe Trp Ser 

85 . 90: 95 

Thr Pro Arg Thr Phe Glv Gly Thr Lys. Leu Glu He Lys Arg Gly Gly 
100 " •- 105 110 

Gly Gly Ser Gly Glv Gly Gly Ser Gly Gly Gly Gly Ser Gin Val Gin 
115 " 120 . 125 
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Leu Gin Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gin Ser Leu Ser 
lou 135 140 

He Thr Cys Thr Val Ser Gly Phe Ser.Leu Thr Gly Tyr Gly Val Asn 
.. 155 160 

Trp Val Arg Gin Pro Pro Gly Lys Gly Leu Glu Trp Leu Gly Met Lie 
lbb 170 175 

Trp Gly Asp Gly Asn Thr Asp Tyr. Asn Ser Ala Leu Lys Ser Arg Leu 

iyu 185 190 

Ser He Ser Lys Asp Asn Ser. Lys Ser Gin Val. Phe Leu Lys Met Asn 
iyb ■ 200 205 

S .?i- 210' H1S ThP ASP As .PTJr Ala Arg Tyr Tyr Cys. Ala Arg. Glu Arg 

tt§ ^ > rg > L r* $P Jr ?; G M Thr Thr Val. Thr. Val Ser 

'.■ ' 235 • '.• 240 

Ser 

;(•": • ' " 

(2) INFORMATION FOR SEQ ID NO- 14- 

(i) SEQUENCE CHARACTERISTICS- ' 

(A) LENGTH: 409 amino acids 

(B) -TYPE: amino -acid ' ' '■ 
(0 STRANDEDNESS : single 

. , (D) TOPOLOGY: linear 



(XT) 


SEQUENCE DESCRIPTION: SEQ ID' NO:" 14 




Gin 
1 


Val 


■Gin 


Leu 


Gin 

5- : 


Glu 


Ser 


Gly 


GTy Gly 
10 


Leu Val Asn Leu Gly GTy 
15 


Ser 


Met 


Thr 


Leu 
20 


Ser 


Cys 


Val 


Ala 


Ser Gly 
25 


Phe Thr Phe Asn Thr Tyr 
30 


Tyr 


Met 


Ser 
35 


Trp 


Val 


Arg 


Gin 


Thr 
40 


Pro Glu 


Lys Thr Leu Glu Leu Val 
45 


Ala 


Ala 
50 


He 


Asn 


Ser 


Asp 


Gly 
55 


Glu 


Pro He 


Tyr Tyr Pro Asp Thr Leu 
60 


Lys 
65 


Gly 


Arg 


Val 


Thr 


He 

70 


Ser 


Arg 


Asp Asn 


Ala Lys Lys Thr Leu' Tyr 
75 80 


Leu 


Gin 


Met 


Ser 


Ser 
85 


Leu 


Asn 


Phe 


Glu Asp 
90 


Thr Ala Leu Tyr Tyr Cys 
95 


Ala 


Arg 


Leu 


Thr 
100 


Tyr 


Ala 


Val 


Tyr 


Gly Met 
105 


Asp Tyr Trp Gly Gin Gly 
110 
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Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly 
115 120 125 

Ser Gly Gly Gly Gly Ser Asp He Glu Leu Thr Gin Thr Pro Pro Ser 
130 135 ■ 140 

Leu Pro Val Ser Leu Gly Asp Gin Val Ser He Ser Cys Arg Ser Ser 
145 150 155 160 

Gin Ser Leu Val Ser Asri Asn Arg Arg Asn Tyr Leu His Trp Tyr Leu 
165 170 175 

Gin Lys Pro Gly Gin Ser Pro Lys Leu Val He Tyr Lys Val Ser Asn 
180 185 190 

Arg Phe Ser Gly Val' Pro Asp Arg Phe 'Ser Gly Ser Gly Ser Gly Thr 
195 200 "" 205 

Asp Phe' Thr Leu Lvs lie Ser' Arg VaT Ala Ala Glu Asp Leu Gly Leu 
210 " 215 220 

Tyr Phe Cys Ser Gin Ser Ser His Val Pro Leu Thr Phe Gly Ser Gly 
225 230 235 240 

Thr Lys Leu Glu He Lys Arg Gly Gly Gly Gly Ser . Gly Gly 'Gly Gly 
245 ' 250 255 • 

Ser Gly Gly Gly Gly Ser Gin Val Gin Leu Gin Glu Ser Gly Gly Gly 
260 265 270. 

Leu Val Gin Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly 
275 280 285 

Leu Thr Leu Thr Thr Tyr Ser Thr Gly Trp Phe Arg Gin Ala Pro Gly 
290 295 300 

Lys Glu Arg Glu Phe Val Gly Met Leu Gly Trp Ser .Gly Gly Gly Asn 
305 310 315 320 

Thr Tyr Tyr Ala Asp Ser Val Lvs Gly Arg Phe Thr He Ser Arg Asp 
325 " . 330 335 

Asn Ala Lys Asn Met Val Phe Leu Gin Met Ser Ser. Leu Lys Pro Glu 
340 " 345 350 

Asp Thr Ala Val Tyr Tyr Cys Ala Ala Arg Gin Pro Tyr Arg Gly Ser 
355 360 365 

Tyr Ser Asp Pro Asn Asn Tyr His Tyr Trp Gly Gin Gly Thr Gin Val 
370 375 380 

Thr Val Ser Ser Gly Ser His His His His His His Gly Ser Gly Ser 
385 390 395 400 

Gly Asn Ser Gly Lys Gly Tyr Leu Lys 
405 
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(2) INFORMATION FOR SEQ ID NO: 15; 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 408 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear : 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Gin Val Gin Leu Gin GTu Ser Gly Gly Gly Leu Val Asn Leu Gly Gly 
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Ser Met Thr Leu Ser Cys Val Ala Ser Gly Phe Thr Phe Asn Thr Tyr 

• - :. r.y- * .,\ -.i ; "i::' 25 : : \ .-. !=.v ... 30 
Tyr Met Ser Trp Val Arg Gin thf Pro Glu Lys Thr Leu Glu Leu Val 

Ala Ala lie Asn Ser Asp Gly Glu Pro He Tyr Tyr Pro Asp Thr Leu 

Lys Gly Arg Val Thr lie Ser Arg Asp Asn Ala Lys Lys Thr Leu Tyr 

Leu Gin Met Ser Ser Leu Asn Phe Glu Asp Thr Ala Leu Tyr Tyr Cys 

.- 85 .i -90 .95 

Ala Arg Leu Thr Tyr Ala Val Tyr Gly Met. Asp Tyr Trp Gly Gin Gly 

Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly 
iib 120 125 

Ser Gly Gly Gly Gly Ser Asp He Glu Leu Thr Gin Thr Pro Pro-Ser 
IJU 135 140 

Leu Pro Val Ser Leu Gly Asp Gin Val Ser He Ser Cys Arg Ser Ser 

150 155 160 

Gin Ser Leu Val Ser Asn Asn Arg Arg Asn Tyr Leu His Trp Tyr Leu 
Ibb 170 175 

Gin Lys Pro Gly Gin Ser Pro Lys Leu Val He Tyr Lys Val Ser Asn 
iUU 185 190 

Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr 
iyb 200 205 

Asp Phe Thr Leu Lys He Ser Arg Val Ala Ala Glu Asp Leu Gly Leu 

Tyr Phe Cys Ser Gin Ser Ser His Val Pro Leu Thr Phe Gly Ser Gly 

" U 23 5 240 
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Thr Lys Leu Glu He Lys Arg Gly Gly Gly Gly Ser Gly Gly Gly Glv 
245 250 255 

Ser Gly Gly Gly Gly Ser Gin Val Gin Leu Gin Glu Ser Gly Gly Gly 
260 265 270 

Leu Val Gin Ala Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly 
275 280 285 

Arg Thr Phe Ser Val Tyr Ala Val Gly Trp Phe Arg Gin Ala Pro Gly 
290 295 300 . . 

Lys Glu Arg Glu Phe Val Gly Tyr Phe Gly Thr Arg Gly Gly Arq Thr 

305 310 : . 315 . 320 

Tyr Tyr Ala Asp Ser Val Lys Gly Arg Phe Thr lie Ala He Asp Asn 

325 • 330 . : 335 * , 

Ala Lys Asn Thr Val Tyr Leu Gin Met Asn Ser Leu Lys Leu Asn Asd 

340 345. 350 . , . 

Thr Ala Val Tyr Tyr Cys Ala Val Arg Met Pro Tyr Ser Gly Asp Tyr 
355 360 . 365 , ... 

Arg Ser Ser Gly Thr Tyr Asp Tyr Trp Gly Gin Gly Thr Gin Val Thr 
37 0 375 380 

Val Ser Ser Gly Ser His His His His His His Gly Ser Gly Ser Gly 

j85 3 9Q .. . 395 400 , 

Asn Ser Gly Lys Gly Tyr Leu Lys 
405 
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